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STATE  OF  COLORADO 

Roy  Romor,  Governor 

DEPARTMENT  OF  NATURAL  RESOURCES 


DIVISION  OF  WILDLIFE 


AN  EQUAL  OP^RTUNITY  EMPLQVEP 


Ptrry  D.  Olson.  Dirsctor 
6060  Brosdwsy 
Osnvsr.  Colorido  80216 
Tsisphon#:  (303)  297*1192 

October  3,  1990 

Nathan  Mottl 
Roy  F.  Weston  Inc. 

1  Weston  Way  Bldg.  51 
West  Chester,  PA  19380 


Dear  Mr.  Mottl: 


HEFEM  TO: 


In  response  to  your  telephone  request,  I  am  providing  the  following 
information: 


Within  a  5  km  radius  of  the  center  of  the  Rocky  Mountain  Arsenal  we  are  only 
aware  of  the  ponds  on  the  Arsenal  as  being  open  to  public  (although  limited) 
fishing. 


Within  a  5-10  km  radius,  we  have  identified  7  ponds  which  are  open  to  public 
fishing,  four  of  which  are  at  the  same  site.  Here  are  the  names  and  locations 
of  the  ponds: 


Clear  Creek  Pond 
Engineer's  Lake 
Rotella  Park  Pond 
Grandview  Ponds  1-4 


Adams  County 
Adams  County 
Adams  County 
Adams  County 


T3S,  R68W,  S2 
T2S,  R68W,  S36 
T2S,  R68W,  S35 
T2S,  R67W,  S18 


Here  is  a  summary  of  recent  fish  stocking  information: 

Clear  Creek  Pond  -  not  stocked,  but  fish  are  present  and  fishing  takes  place 


Engineer's  Lake 

1985:  Stocked 
1987:  Stocked 

Rotella  Park  Pond 

1985:  Stocked 

Grandview  Pond  PI 

1988:  Stocked 

Grandview  Pond  if2 

1988:  Stocked 


with  1100  4"  Channel  Catfish 

with  800  4"  Largemouth  Bass  and  1500  6"  Channel  Catfish 


with  100  7"  Bluegills 


with  20  15"  Hybrid  Grass  Carp  and  10*0  7"  Largemouth  Bass 


with  40  12"  Hybrid  Grass  Carp  and  200  7"  Largemouth  Bass 
(continued) 
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'If 


'^AP.rrjp  V  W" 


Grandview  Pond  #3 


1988:  Stocked  with  10  12"  Hybrid  Grass  Garp  and  100  7"  Largemouth  Bass 
Grandview  Pond  #4 

1988:  Stocked  with  20  12"  Hybrid  Grass  Carp  and  100  7"  Largemouth  Bass 

The  attached  map  shows  the  location  of  all  A  areas  and  provides  some 
additional  data  -  I  have  drawn  in  Grandview  Ponds  on  it. 

Let  me  know  if  you  have  any  questions. 

Sincerely, 


Dave  Weber 
Habitat  Biologist 


cc:  Jim  Satterfield,  Pat  Tucker 
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bass,  ydlow  perch,  and  rainbow  trout  (catchable  size  stocked). 
A^eocy:  Adams  County  Parks  &  Recreation. 

Commenu:  Open  5  a.m.  to  1 1  p.m.  No  boats.  Fishing  pier  on  the 
south  shore.  Playground  and  restrooms.  Extreme  water  level  fluc¬ 
tuation.  Hard  surface  foot  trail. 

Butts  Park  Pond 

Location:  Nonhwcst  of  the  interscrtion  of  W.  94ih  Avc.  and 
Perry  Street.  Parking  area  is  off  of  Perry  Street  just  south  of  96th 
Avc.  or  off  of  94ih  Avc.  next  to  the  ice  rink. 

Size:  3  acres;  5  feet  maximum  depth. 

Fish:  BluegiD,  bullhead,  channel  catfish,  crappic,  green  sunfish, 
sucker,  and  ycDow  perch. 

Agency:  Hyland  Hills  Recreation  &  Park  Distria. 

Commenis:  Open  daylight  hours.  No  boats.  Recreation  Center 
and  playground. 

Standley  Lake 

Locaikm:  W.  88th  Avc.  and  Kipling  Street.  Parking  area  is  off  of 
Kipling.  Access  also  on  the  west  side  of  the  lake  via  Alkirc  Street  at 
87ih  Avc. 

Size:  1,210  acres;  80  feet  maximum  depth. 

Fish:  Huegill,  carp,  channel  catfish,  green  sunfish.  largcmouth 
bass,  smallmouih  bass,  sucker,  walleye,  yellow  perch,  and  rain¬ 
bow  trout  (catchable  size  stocked). 

Agency:  South  and  southwest  shore,  Jefferson  County  Open 
Space.  Remaining  shore  and  lake  itself,  City  of  Westminster  Parks 
&  Recreation. 

Commenis:  Open  5  a.m.  to  U  p.m.  for  waJk-in  visitors.  Open  8 
a.m.  to  7  p.m.  for  vehicles  and  boats.  All  boats  need  Westminster 
boat  pennit.  Fee  area  for  vehicles  at  Kipling  &  W.  88th  Avc.  Walk- 
in  fishing  is  free.  Extreme  water  level  fluauaiion.  1\vo  boat  ramps 
on  cast  shore.  No  fishing  from  dam. 

MAY  BE  CLOSED  DUE  TO  INSURANCE  PROBLEMS: 
CONTACT  MANAGING  AGENCY. 


Pomona  Lake. 

Location:  In  Meadow  Glen  Park.  North  of  W.  80th  Ave.  and 
one-quarter  mile  west  of  Wadsworth  Blvd.  Main  parking  area  can 
be  reached  via  8(Xh  Ave.  by  going  nonh  on  Qub  Crest  Drive,  and 
then  cast  on  W.  81st  Place. 

Size:  31  aaes;  8  feet  maximum  depth. 

Fish:  Largcmouth  bass,  yellow  perch,  bullhead,  channel  catfish, 
crappic,  and  green  sunfish. 

Agency:  North  Jcffco  Parks  &  Recreation. 

Comments:  Open  dawn  to  1 1  p.m.  No  boats.  Hard  surface  fool 
trail. 

Lake  Arbor 

Location:  North  of  W.  80ih  Avc.  between  Wadsworth  Blvd.  and 
Sheridan  Blvd.  Both  the  north  and  south  shores  of  the  lake  can  be 
reached  via  8(Xh  Ave.  To  reach  the  south  shore,  take  80th  Ave.  to 
Lamar  Street.  Go  north  on  Lamar  to  80ih  Place.  Take  8(Xh  Place 
cast  to  the  cul-de-sac.  To  reach  the  north  shore  take  Lamar  Street 
north  past  80th  Place  on  to  Pomona  Drive.  Ck>  east  on  Pomona 
around  the  north  end  of  the  lake  to  the  parking  area. 

Size:  37  acres,  19  feet  maximum  depth. 

Fish:  Bluegill,  buUhead,  carp,  channel  catfish,  crappie,  green 
sunfish,  largcmouth  bass,  pumpkinseed  sunfish,  and  sucker. 
Grass  carp  stocked  to  control  aquatic  plants. 

Agency:  Nonh  Jcffco  Rcacaiion  &  Park  District  and  City  of 
Arvada. 

Comments:  Open  dawn  to  II  p.m.  Non-motorized  boats  only. 
Fishing  piers  located  on  the  nonh  shore.  AnificiaJ  fish  habitat 
struaurcs  in  lake.  Playground.  Hard  surface  foot  trail. 


Faversham  Park  Pond 

Location:  Sheridan  and  72nd  Avc. 
Size:  6  acres;  11  feet  maximum  depth. 
Fish:  Bluegill. 


! 
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Agency:  City  of  Wcstminsicr  Parks  &  Recreation. 

Comments:  Open  sunrise  to  11  p.m.  No  boats.  No  wading  or 
swimming.  Kids  15  years  old  and  under. 


at  the  confluence  of  Gear  Creek  and  the  South  Platte  River.  Hard 
surface  foot  trail  aaoss  the  river. 

Size:  11  acres;  25  feet  maximum  depth. 


IjH  Camenisch  Park  Pond 

Location:  West  of  Pecos  Street,  south  of  W.  90ih  Ave.  at  Fon¬ 
taine  Street.  Parking  area  south  of  90th  Ave. 

Size:  3  acres;  10  feel  maximum  depth. 

Fish:  Largcmouih  bass,  pumpkinsecd  sunfish,  sucker,  blucgill,  J 
bullhead,  channel  catHsh,  crappie,  and  green  sunfish.  fiPl 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  dawn  to  10  p.m.  No  boats.  Playground  and 
restrooms.  Hard  surface  foot  trail. 


Bell  Roth  Park  Pond 


Location:  On  the  east  side  of  Pecos  Street,  2  blocks  north  of  W. 
84th  Ave. 

Size:  3  acres;  8  feet  maximum  depth. 

Fish:  Channel  catfish,  crappie,  green  sunfish,  sucker,  yellow 
perch,  bluegill,  bullhead,  and  carp. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  dawn  to  10  p.m.  No  boats.  Playground. 
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Fish:  Bullhead 

Agency:  Adams  County  Parks  &  Recreation. 

Comments:  Open  7  a.m.  to  1 1  p.m.  No  boats.  WaJk-in  trail  and 
PlCIliC  ShdtCT. 

Clear  Creek  Pond 

jg^mmrrr'  bouth  of  Hwy  224  between  Washington  Street  and 
York  Street.  Parking  area  is  south  of  Hwy  224,  and  cast  of 
Washington  Street. 

Size:  3  aaes;  9  feet  maximum  depth. 

Fish:  BIucgiD,  bullhead,  carp,  channel  catfish,  crappie,  green 
sunfish,  largcmouth  bass,  pumpkinsecd  sunfish,  and  yellow 
perch. 

Agency:  Adams  County  Parks  &  Recreation, 

Comments:  Open  7  a.m.  to  11  p.m.  No  boats.  Hard  surface  trail 
along  south  side  of  pond. 

Twin  Lakes  Park  Ponds 

Location:  Just  west  of  Broadway  on  70th  .'v':.  ’’arking  area 
south  from  70th  Ave. 


m  Kiwanis  Park  Pond 

Location:  W.  8(kh  Ave.  cast  of  Zuni  Street.  Parking  area  south 
of  80th  Ave. 

Size:  3  acres;  2  fed  maximum  depth. 

Fish:  Bullhead  and  green  sunfish. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Oocn  dawn  to  half  hour  after  sunset.  No  boats. 

13  Rotella  Park  Pond  ^ 

111  ui  c.  tom  l«lween  N.  Washington  Street 
and  N.  York  Street.  Parking  north  of  78ih  Ave.  or  south  of  Coro¬ 
nado  Drive  So. 

Size:  3  acres;  10  fed  maximum  depth. 

Fish:  Bluegill,  bullhead,  channel  catfish,  largemouth  bass,  and 
pumpkinseed  sunfish. 

Agency:  Adams  County  Parks. 

Comments:  Open  7  a.m.  to  11  p.m.  No  boats.  Extreme  water 
level  fluauaiion.  Playground  and  restrooms.  Hard  surface  foot 
trail.- 

14  Engineers  Lake 


Location:  From  1-76  go  to  Hwy  224.  Travel  west  on  224,  Parking 
area  is  south  of 224,  just  west  of  the  South  Platte  River.  The  lake  is 


Size:  2  ponds;  7  acres  total;  16  fed  maximum  depth. 

Fish:  Bullhead,  carp,  channel  catfish,  crappie,  green  sunfish, 
largcmouth  bass,  sucker,  and  yellow  perch. 

Agency:  Adams  County  Parks. 

Comments:  Open  7  a.m,  to  11  p.m.  No  boats.  Hard  surface  foot 
trail,  which  connects  with  Gear  Creek 

Arvada  Reservoir  (not  shown  on  map) 

Location:  Between  Highway  93  and  Indiana  on  W.  66th  Ave. 
Size:  180  acres;  77  feet  maximum  depth. 

Fish:  Rainbow  trout,  walleye,  largcmouth  bass,  smallmouth 
bass,  yellow  perch. 

Agency:  Gty  of  Arvada 

Comments:  City  of  Arvada  permit  required;  available  only  at 
Arvada  City  Hail.  No  ice  fishing.  Non-motorized  boats  only. 
Open  dawn  to  dusk.  Special  regulations  apply. 

IQ  Carl  Park  Pond 

Location:  West  of  Federal  Blvd.,  on  W.  5‘’fth  Ave.  at  '  ’cade 
Street.  Parking  area  north  of  54th  Ave. 

Size:  4  acres;  8  feet  maximum  depth. 

Fish:  Largcmouth  bass,  bluegill,  and  bullhead. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  dawn  to  10  p.m.  No  boats. 

EBirdland  Lake 

Location:  W.  51st  Ave.  and  Garrison  Street.  Faking  area  west  of 
Garrison  at  south  end  of  the  lake. 

Size:  3  acres;  10  feet  maximum  depth. 

Fish:  Bluegill,  channel  catfish,  green  sunfish,  largcmouth  bass, 
pumpkinsecd  sunfish,  and  yellow  perch. 

Agency:  North  Jcffco  Recreation  &  Park  District. 

Comments;  Open  dawn  to  11  p.m.  Non-motorized  boats  only. 
No  ice  fishing.  Playground  and  hard  surface  foot  trail. 

ra  Ward  Road  Pond 

Location;  Northeast  of  the  intersection  of  1-70  and  Ward  Road. 
Parking  area  east  of  Ward  Road  and  south  of  W.  48th  Ave. 

Size:  7  acres;  30  feet  maximum  depth. 

Fish:  Largemouth  bass,  pumpkinseed,  blucgill,  bullhead, 
crappie.  and  green  sunfish. 

Agency:  City  of  Arvada  and  Division  of  Wildlife. 

Comments:  Non-motorized  boats  only.  Belly-boats  allowed. 
Pond  open  for  fishing  only.  Good  bass  fishing.  Restrooms. 

Special  Regulations:  1,  Fishing  by  artificial  flies  or  artificial  lures 

on!v;  2.  All  fish  caught  must  be  returned  to  the  water  nnnieJiarei', 


■  .jjgW-Pon^  Not  Yet  In  ■ 

Lovell  Pondfl  •  Adams  Count7-  At  LomsII  Street  and  SSth^Way  "  ' 

Size:  3  ponds  •  11  acres,  2  acres,  2  acres  ♦. Sheets  Iake,''S  ac^8  leased 
from  Cit7  of  Westminster.  MaximuB^Depth  -  10  feet. 

•■  Fish:  '  Larsemouth  and 'smallmouth  bass,  channel'- catfi«i)i  'bli»iil]t|^^^;^r 
crappie  and  bullhead.  '  ‘ 

Agency r  Colorado  Division  of  Jfildlife 

Coninenl:s:  Belly  boats  alloM^  for  fishingi  excei^  'm'ShM^  LakeT^PI^, 
Special  Regulation:  All  lourgestouth  and  sm^lmouth  bass  possessed  nj^t., 
be  15  inches  or  longer. 


^-%tner  Lake '^Jefferson  Couni^'^’bff  oFToo’^^^^ 

Size:  25  acres  . 

Agency:  City  of  Westminster 

Fish:  Largeroouth  bass,  crappie,  bluegill, ’'green  ^fim,  yell^  pei^ 
and  bullhead  '  > 

Cociroents:  Belly  boats  allowed  for  fishing  but  no  other  types  of  boats 
Ice  fishing  is  prohibited.  Special  Regulation:  All  largeaouth  &  smallmou  Ji 
bass  possessed  must  be  15  inches  or  longer.  • 

Grandview  Ponds  iAdams  County  -  Off  of  104th  and  Riverdale  .Itoad^i^i^ 
-Tponds  -  10  acres  total 
Agency:  Colorado  Division  of  Wildlife 
Fish:  Largemouth  bass,  bluegill,  channel 
"green  sunfish  .and  yellow  per^._‘_^,::'  // 

Special  Regulation:  All "  largeni^^^  and  snadlmputh  jjasj^ 

>4>.;^be  15  ’in(*ea  or  longer." 

AAtma  Cmaity  Fairgrounds  lake  (Public  Works  t-u..*  -  Jw— aB»f 
124th  at  Adams  County  Fairgromds.  p^*^ 

Size:  20  acres  ,  ' 

Agency:  Adams  County  Parks  and  Recreation 

Fish:  Largemouth  bass,  blurgill,  channel  catfish^. ;OrappieandyB^ 

perch.  ,,.,- 

Special  Regulation:  All  largemouth  and  smallaouth  bass  possessed  aunt  » 

be  15  incdies  or  longer. 


Lake)  >  Adaiisl>>U!^  -^^ffW^ 


-fcK. 


Boating  Changes 


Cottonwood  Park  lake  -  Page  9  -  )to  boating  is  alloMsd.  ' 

Kendrick  Reservoir  -  Page  9  -  No  boating  is  allowed  ' 

Quincy  Reservoir  -  Page  12  -  Boat  rental  available  ' 

Own  boat  allowed  with  Aurora  permit  -  Non-motorized  boats  only  . 

Waneka  lake  -  Page  14  -  Boat  rental  now  available  .'  .  .  .  '  "■  ' 


Phone  hhmber  (Ganges 

Bear  Creek  Reservoir  -  987-7880 
Chatfield  Reservoir  -  791-7275 
Foothills  Parks  k  Recreation  -  987-3602 
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5A.1  INTRODUCTTON 


Once  the  pollutants  are  identified,  the  next  step  in  identifying  process  emissions  is  to  predict 
the  mass  of  these  pollutants  emitted  from  the  stack  over  time.  Emission  factors  are  used  to 
predict  or  estimate  the  concentrations  and  emission  rates  of  the  pollutants  likely  to  be 
emitted  from  proposed  facilities  or  from  facilities  for  which  there  are  no  emissions  data. 
Emission  factors  account  for  variations  in  emissions  with  respect  to  facility  capacities  and 
stack  gas  conditions  (i.e.,  moisture  content,  temperature,  and  excess  air)  so  that  they  can  be 
used  to  estimate  likely  emissions  from  a  facility  that  is  basically  similar  in  design  and 
operation.  Therefore,  it  is  important  that  the  emissionifactors  be  developed  from  data  for 
the  specific  waste  to  be  burned  or  from  emissions  datplfi^  comparable  operating  facilities. 
This  section  presents  the  emission  factors  and  thfipesultihpi^ssion  rates  for  the  identified 
pollutants  and  provides  the  basis  for  the  sele#On.JP'4he  emission  factors. 

5A^  OVERVIEW 


The  current  analyses  of  enussionsl^f  fQpiiiiplfate  groups  of  pollutants  are  reported  in  this 
section.  These  categories  areiiigialycHp^ated  dibenzo-p-dioxins  (dioxins  or  PCDDs)  and 
polychlorinated  dibenzofui^  of  PCDFs);  inorganics  (trace  metals);  volatile  and 

semi-volatile  organics  (includiSfiipfiSucts  of  incomplete  combustion  (PICs)  and  principal 
organic  hazardous  constituents  (P5HCs);  and  criteria  pollutants  (for  which  national  ambient 
air  quality  standards  have  been  established)  and  acid  gases.  The  emission  factors  for  each 
category  of  pollutants  were  derived  from  several  methods  and  were  based  on: 


The  test  bum  data  for  the  Basin  F  waste  obtained  by  T-THERMAL  in 
February  1989  and  August  1990 

The  expected  waste  feed  rate  and  composition  (based  on  previous  Basin  F 
sampling  data)  and  published  EPA  control  equipment  removal  efficiencies 

Federal  and  Colorado  emission  limitations 

Emission  test  data  obtained  from  other  hazardous  waste  incineration  facilities 
(from  WESTON’S  comprehensive  database) 
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The  first  method  used  to  estimate  emissions  was  based  on  the  test  bum  conducted  by  T- 
THERMAL  in  August  1990.  This  test  bum  was  comprised  of  nine  test  runs  performed  on 
a  pilot-scale  incinerator,  which  burned  Basin  F  liquid  and  hydrazine  wastewater.  Most  of  the 
test  rans  could  not  be  used  to  develop  emission  factors  because  dried  waste  clogged  the 
atomizing  tip  of  the  nozzle  during  testing.  There  were  several  methods  used  to  remove  the 
waste  buildup  from  the  nozzle  tip.  In  some  instances,  a  hammer  was  used  to  gently  hit  the 
injector  tip.  Another  method  was  passing  steam  or  high  pressure  atomizing  air  through  the 
injector.  During  these  periods,  the  waste,  the  atomizing  air  flow,  and  the  sampling  trains 
were  shut  down;  however,  discontinuities  in  emissions  were  Ukely.  There  were  no 
equipment  operating  difficulties  during  test  mns  4  an^p;  therefore,  only  test  mns  4  and  8 
were  used  to  develop  emission  factors  for  dioxii^l^d.furans.  Test  run  4  was  used  to 
develop  emission  factors  for  metals  and  other  inqf|anics  da  pollutants  and  acid  gases). 
The  averages  of  all  the  test  runs,  includinglUe  jlicceptable  ones,  were  considered  in 
developing  upper  bound  sensitivity  case  emission  ta^rs.  Tables  5A-1  and  5A-2  describe  the 
problems  that  occurred  during  organic  anihindil^hchesting,  respectively. 

The  second  method  used  to  estinilfc  t^ffi^assions  was  based  on  the  expected  feed  rate  of 
the  waste  being  incinerate(i,:j]^!|j^iR§|lj,  investigated,  collected,  and  assembled  previous 
analytical  data  on  the  Ba^^  liquIiB: Sources  of  information  and  test  data  included  Rocky 
Mountain  Arsenal,  Woodwaiii:g|y|i'  Consultants,  T-THERMAL,  Waterway  Experiment 
Station,  Ebasco,  and  Shell  Oil  Company.  Testing  by  these  companies  occurred  from  1978 
through  1989.  WESTON  also  performed  a  series  of  tests  on  the  pond  and  storage  tanks  in 
August  and  October  1989,  and  in  February  and  April  1990.  All  of  the  test  data  were 
reviewed  and  converted  into  common  units,  parts  per  million  by  weight.  Then  the  arithmetic 
mean  and  the  maximum  values  were  determined  for  each  of  the  groups  of  data  (historical 
Basin  F,  pond,  and  storage  tanks).  The  maximum  of  the  arithmetic  means  was  determined 
by  taking  the  highest  value  of  the  arithmetic  means  for  the  historical  Basin  F,  pond,  and 
storage  tank  data.  Similarly,  the  maximum  of  the  maximums  was  determined  by  taking  the 
highest  value  of  the  maximums  determined  for  each  group  of  data.  Table  5A-3  presents  the 
basic  analytical  data  and  the  averages  and  maximums  for  each  group  of  data. 
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Table  SA-l 


.  Tm 

Tesi 

Sample 

Run 

Dife. 

Time 

Time..: 

(mini) 

Number  : 

ProblcmaDaringTesflng .. 

14-Aug-90 

10:04 

54 

1 

1.) 

9:40  -  Basin  F  liquid  waste  was  introduced. 

10:58 

2.) 

10:30  -  rapping  was  performed  on  the  nozzle 
to  help  r^uce  increasing  CO  levels. 

3.) 

10:34  -  highest  CO  readings  (301  ppmdv  Q  7%  Q2). 

14-Aug-90 

15:30 

56 

2 

1.) 

15:05  -  restarted  the  Incinerator. 

16:31 

• 

2.) 

15:35, 16:00  8c  16.-05  -  rapping  was  performed  on 
the  nozzle  to  help  reduce  CO  levels. 

3.) 

16:05  8c  1620  -  a  shot  of  high  pressure  atomizing 
air  was  injected  into  the  nozzle. 

4.) 

16:10  •  the  atomizing  air  temp,  was  increased  to  200  F. 

5.) 

1620  -  the  nozzle  was  bwered  1/2"  further  into 

Into  chamber. 

6.) 

16:05  -  highest  CO  readings  (212  ppmdv  @  7%  02). 

15.Aug.90 

08:45 

32 

3 

1.) 

8:30  -  Basin  F  liquid  waste  was  introduced. 

09-25 

2.) 

9:00  8c  9:30  -  steam  was  injected  throu^  the  nozzle. 

3.) 

9:11  -  highest  CO  readings  (183  ppmdv  @  7%  02). 

16-Aug-90 

08:55 

180 

4 

1.) 

8:46  -  Basin  F  liquid  waste  was  introduced. 

12:08 

2.) 

9:45  -  highest  CO  readings  (212  ppmdv  @  7%  02). 

16-Aug.90 

12:51 

180 

5 

1.) 

1222  -  compressor  went  down 

17:09 

2.) 

12-30  -  Basin  F  liquid  waste  was  Introduced. 

3.) 

14:00  -  the  injectors  were  changed  to  help  reduce 
high  CO  levels. 

4.) 

14:30  -  Basin  F  liquid  waste  was  introduced. 

5.) 

15:15, 16:15  8c  17:10  -  rapping  was  performed  on 
the  nozzle  to  help  reduce  CO  levels. 

6.) 

13:06  -  highest  CO  readings  (319  ppmdv  ®  7%  02). 

16-Aug-90 

18:10 

180 

6 

1.) 

17:40  -  the  waste  interlock  tripped  due  to 

21:43 

2.) 

low  water  levels  in  the  venturi  sump. 

18:00  •  Basin  F  liquid  waste  was  introduced. 

3.) 

18:15, 20:30  8c  21K)0  -  rapping  was  performed  on 
the  nozzle  to  help  reduce  CO  levels. 

4.) 

18:12  -  highest  CO  readings  (258  ppmdv  ®  7%  02). 

17.Aug-90 

08:02 

120 

7 

1.) 

7:41  •  Basin  F  liquid  waste  was  introduced. 

1129 

2.) 

8d)3  -  hydazine  waste  water  was  also  introduced. 

3.) 

9:45  •  the  injectors  were  steamed  for  10  minutes 
and  the  iiqiiid  was  reintroduced  after  CO  levels 
spiked  over  100  ppm.  Once  the  waste  was  reintroduced 
the  02  levels  fell  bek>w  1.7%  which  automatically 
shutoff  the  waste. 

4.) 

10:00  -  the  Injectors  were  replaced  twice. 

5.) 

10.45  -  the  waste  was  reintroduced. 

6.) 

10.33  -  highest  CO  readings  (102  ppmdv  @  7%  02). 

17.Aug-90 

12:10 

113 

8 

1.) 

12:08  -  rapping  was  performed  on  the  nozzle 

14:13 

2.) 

to  help  r^uce  CO  levels. 

12:58  -  highest  00  readings  (150  ppmdv  0  7%  02). 

17-Aug-90 

14:51 

120 

9 

1.) 

14:45, 15:35  8c  16:11  -  rapping  was  performed  on 

16:51 

2.) 

the  nozzle  to  help  reduce  CO  levels. 

15:30  -  highest  CO  readings  (227  ppmdv  ®  7%  02). 

Rapping  -  hitting  the  liquid  pipe  portion  of  the  Injector  with  a  hammer  to  remove  the  dried  waste 
dogging  the  atomizing  air  slots  of  the  waste  Injector  nozzle  atomizing  tip.  It  manifested 
Itself  by  an  Increase  in  CO. 

Other  actions  -  passing  steam  or  high  pressure  atomizing  air  throughout  the  passages  of  the  injector. 

During  these  periods,  the  waste  and  the  atomizing  air  flow  was  shutoff.  Also  the  emission 
sampling  trains  were  shut  down. 


Table  5A-2 

Problems  During  Metal  Testing 


Sanpk  •'  Run 
*02718  Nombe; 
(min) 


Problems  Doling 


14-Aug-90 


14-Aug-90 


1. )  9:40  -  Basin  F  liquid  waste  was  introduced. 

2. )  10:30  -  rapping  was  performed  on  the  nozzle 

to  help  r^uce  incMslng  CO  levels, 

3. )  10:34  -  highest  CO  readi^  (301  ppmdv  Q  7%  02). 

1. )  15:05  •  restarted  the  incinerator. 

2. )  15:35, 16:00  &  16K)5  -  rapping  was  performed  on 

the  nozzle  to  help  reduce  CO  levels. 

3. )  16:05  &  16:20  -  a  shot  of  high  pressure  atomizing 

air  was  injected  into  the  nozzk. 

4. )  16:10  •  the  atomizing  air  temp,  was  incr^ised  to  200  F. 

5. )  16:20  -  the  nozzle  was  bwered  1/2"  further  into 

into  chamber. 

6. )  16:05  -  highest  CO  readings  (212  ppmdv  @  7%  02). 


15-Aug-90 

08:47 

31 

3 

1.) 

8:30  -  Basin  F  liquid  waste  was  introduced. 

09‘J26 

2.) 

9:00  &  9:30  -  steam  was  Inpcted  through  the  nozzle. 

3.) 

9:11  -  highest  CO  readings  (183  ppmdv  @  7%  02). 

16-Aug*^ 

09:08 

120 

4 

1.) 

8:46  -  Basin  F  liquid  waste  was  Introduced. 

11:20 

2.) 

9:45  -  highest  CO  ridings  (212  ppmdv  #  7%  02). 

16.Aug-90 

11:42 

120 

5 

1.) 

12:22 « compressor  went  down 

15:13 

2.) 

1Z*30  -  Basin  F  liquid  waste  was  introduced. 

3.) 

14*(X}  -  the  inj^tors  were  changed  to  help  reduce 

high  CO  lev^ 

16-Aug-90 


15:58  120 

18:53 


16-Aug-90 


17.Aug.S^ 


17-Aug-^ 


4. )  14:30  -  Basin  F  liquid  waste  was  introduced. 

5. )  15:15, 16:15  &  17:10  -  rapping  was  performed  on 

the  nozzle  to  help  reduce  CO  levels. 

6. )  13:06  -  highest  CO  readings  (319  ppmdv  @  7%  02), 

1. )  17:40  -  the  waste  interlock  tripped  due  to 

bw  water  levels  in  the  venturi  sump. 

2. )  18:00  -  Basin  F  liquid  waste  was  introduced. 

3. )  18:15  -  rapping  was  performai  on 

the  nozzle  to  help  r^uce  CO  levels. 

4. )  18:12  -  highest  CO  readings  (258  ppmdv  @  7%  02). 

1. )  20:30  &  21:00  -  rapping  was  performed  on 

tl^  nozzle  to  help  reduce  CO  levels, 

2, )  20'.28  -  highest  CO  readings  (356  ppmdv  ®  7%  Q2), 

1. )  7:41  -  Basin  F  liquid  waste  was  introduced. 

2. )  8:03  -  hydazine  waste  water  was  also  introduced. 

3. )  9:45  -  the  injectors  were  st^med  for  10  minutes 

and  the  liquid  was  reintrodu<red  after  CO  levels 
spiked  over  100  ppm.  Once  the  waste  was  reintroduced 
the  02  levels  fell  below  1.7%  which  automatically 
shutoff  the  waste. 

4. )  10:00  •  the  Injectors  were  repkoKi  twice. 

5. )  10:45  -  the  waste  was  rcintroduced 

6. )  10:33  -  highest  CO  readings  (102  ppmdv  @  7%  02). 

1. )  14:45  k  15:35  -  rapping  was  performed  on  the  nozzk 

to  help  reduce  CO  levels. 

2. )  14:29  -  highest  CO  raidings  (356  ppmdv  @  7%  02). 


Rapping  ■ 


Other  actions  ■ 


hitting  the  liquid  pipe  jx)rtion  of  the  injector  with  a  hammer  to  remove  the  dried  waste 
dogging  the  atomizing  air  slots  of  the  waste  Injector  nozzle  atomizing  tip.  It  manifestai 
itself  by  an  increase  in  CX). 

passing  steam  or  high  pr^surc  atomizing  air  throughout  the  passages  of  the  in^ctor. 
firing  th^  periods,  the  waste  and  the  atomizing  air  flow  was  shutoff.  Abo  the  emission 
sampling  trains  were  shut  down. 


Table  5A-3 

Chemical  Characterization  of  Basin  F  Liquid 


“  Not  available  (l.e.,  not  analyzed  or  not  delated) 


For  certain  inorganics,  the  maximimi  of  the  arithmetic  mean  and  maximum  of  the  maximiun 
waste  feed  values  were  used  to  estimate  the  expected  (i.e.,  base  case)  and  reasonable  worst 
case  (i.e.,  sensitivity  case)  emissions,  respectively.  For  metals,  the  volatilization  and  removal 
efficiencies  for  the  individual  elements  were  based  on  the  Guidance  on  Metals  and  HCl 
Controls  from  Hazardous  Waste  Incineration  (EPA,  1989).  For  acid  gases,  criteria,  and 
other  inorganic  pollutants,  conversion  and  removal  efficiencies  were  based  on  regulatory 
requirements,  the  literature,  and  data  for  similar  pollutants. 


The  maximum  of  the  arithmetic  means  in  the  waste  feed  were  the  basis  of  expected 
emission  estimates  for  volatile  and  semi-volatile  q^anics  other  than  dioxins/furans. 
Destruction  efficiencies  and  PIC  formation  rates  v^f^gimated  by  Dr.  Barry  Dellinger  of 
the  University  of  Dayton  Research  Institute^ipid  weri^j^ased  on  the  results  of  his 
experimental  studies.  Dr.  Dellinger’s  report  =i|lipjespited  as  Appendix  5B. 

The  third  method  used  to  estimate  emissiii^  w^llipeid  on  Tier  n  guideline  emission  levels 
given  by  the  EPA  (1989).  Tier  II  en®|jon  guidelines  were  developed  for  complex 
and  noncomplex  terrain,  urbani^ld  ^|Si||^as.  These  guidelines  were  developed  as 
emission  levels  that  wouldffi^lw.fiti|;,accepta^  concentrations  of  metals  from  the 
perspective  of  inhalation  ,|i|lth  r^^u(^  that  a  more  refined  risk  analysis  would  not  be 
required.  The  sum  of  the  rafii^jqfjpe  expected  total  emission  rates  of  carcinogenic  metals 
(arsenic,  beryllium,  cadmium,  aniJ'  chromium)  to  the  Tier  n  carcinogenic  metals  emission 
rates  must  not  exceed  1.0,  or  more  refined  dispersion  modeling  and  risk  assessment  must 
be  conducted.  These  Tier  n  levels  were  not  applicable  to  this  facility  because  more  refined 
modeling  and  risk  assessment  were  conducted;  however,  the  Tier  II  values  were  used  to 
develop  the  sensitivity  case  emission  rates  for  metals. 


The  fourth  method  used  to  determine  emission  factors  was  based  on  a  comprehensive 
database  of  air  emissions  from  waste  burning  facilities  developed  by  WESTON.  The 
database  contains  information  compiled  from  12  hazardous  waste  incineration  facilities. 
Because  there  is  wide  variation  among  these  facilities  in  terms  of  incinerator  design, 
processing  capacities,  stack  gas  conditions,  combustion  conditions,  and  other  parameters. 
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emissions  data.  Emission  factors  are  usually  calculated  as  the  mass  emissions  per  unit 
weight  of  waste  processed  (e.g.,  pounds  of  pollutant  per  ton  of  waste  processed),  or  as  the 
mass  emissions  per  standardized  stack  gas  volume  (e.g.,  nanograms  per  normal  cubic  meter 
of  stack  gas).  This  is  in  contrast  to  the  emission  rates  that  are  reported  in  units  of  mass 
emission  per  unit  of  time  (e.g.,  grams  per  second  or  poimds  per  hour).  Consequently, 
emission  factors  can  be  used  to  estimate  the  emission  rates  for  facilities  that  may  be  similar 
in  concept,  but  that  may  vary  in  design  and  operation.  The  sensitivity  case  for  dioxins  and 
furans  was  based  on  the  95  percent  confidence  interval  (log  normal  of  the  mean)  of  the 


SA3.1 


were  taken  to  remove  the  waste.  Because  these  injector  clogging  problems  prevented 
normal  incinerator  operating  conditions,  many  of  the  test  runs  were  excluded;  only  test  runs 
4  and  8  were  used  to  determine  the  base  case  in  estimating  the  expected  emission  rates  at 
the  proposed  RMA  facility.  A  statistical  analysis  of  all  of  the  test  runs  and  of  test  runs  4 
and  8  alone  is  presented  in  Table  5A-5.  The  variation  is  much  less  for  test  runs  4  and  8. 
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or  weighted  by  their  toxicity  relative  to  that  of  a  single  congener  (i.e.,  2,3,7,8-tetrachloro- 
dibenzo-p-dioxin  [2,3,7,8-TCDD]).  This  congener  is  the  most  studied  and  most  toxic 
congener.  Table  5A-6  illustrates  the  international  weighing  scheme  adopted  by  the  EPA. 


5A32  Upper  Bound  Emissions 


For  the  sensitivity  or  upper  bound  case,  data  on  hazardous  waste  facilities  from  the 
WESTON  comprehensive  database  were  used.  Unfortunately,  most  of  the  available  dioxin 
and  furan  data  compiled  from  these  facilities  lacked  the  information  required  to  calculate 


TEFs.  In  a  number  of  cases,  only  amounts  of  total  PCE)ji|;and  PCDF,  and  frequently  of  total 
tetrachlorinated  dibenzo-p-dioxin  (TCDD)  and  totalip^ac.hlorinated  dibenzofuran  (TCDF) 
homologues  are  reported  along  with  the  2,3,7, ^if^DD  clMi|ener,  if  detected. 


In  order  to  deal  most  effectively  with  thiSiijyjsencSff^ijdata  and  the  need  to  establish  TEFs, 
the  following  process  was  used:  'Slip' 


TEFs  were  calcula^i.  foxiiBil||[aiiable  data  sets.  Because  most  of  the  facility 
tests  measured  alLcpl||i|r  grdhps  needed  to  calculate  the  TEF,  the  available 
data  were  usediii®!||UiiSfo  with  ratios  of  homologue  emissions  to  TCDD 
emissions  ai|i|pf  2,i^l||-substituted  emissions  of  a  homologue  to  the  total 
emissions  of  f%i:homa|bgue  in  order  to  establish  TEF  emissions  for  each 
facility.  The  ratiSsil^pmissions  used  were  calculated  from  emission  test  data 
for  municipal  solid  waste  (MSW)  incinerators  (Siebert  et  al.,  1989).  These 
ratios  are  conservatively  higher  (from  a  risk  assessment  perspective)  than  the 
theoretical  splits  based  on  the  possible  number  of  congeners. 


Geometric  mean  and  confidence  intervals  of  the  mean  based  on  a  log  normal 
distribution  of  estimated  TEF  values  were  used  to  establish  the  range  of  TEF 
emissions.  A  log  normal  distribution  was  assumed  among  facilities  because 
it  is  common  for  emissions  data  and  has  been  demonstrated  for  dioxin/furan 
TEF  emissions  from  MSW  incinerators  (Siebert  et  al.,  1988). 


This  approach  would  not  be  the  preferred  approach  if  more  congener-specific  data  were 
available;  however,  it  is  considered  the  most  appropriate  approach  in  light  of  the  limited 
quantity  and  quality  of  the  available  data. 
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Homologue/Congener^ _ _  TEF’ 


Mono  through  trichloro  dibenzo*p-dioxiiis  and  dibenzofurans  0 

23.7.8- TCDD  1 

Other  TCDDs  0 

23.7.8- PeCDD  03 

Other  PeCDDs  0 

23.7.8- HxCDDs  0.1 

Other  HxCDDs  q 

23>7j8“HpCOOS  0 

Other  HpCDDs  0 

0.001 

23.7.8- TCDF  J|=.  0.1 

Other  TCDFs  '■pllif '  '  0 

l>253»7,8-PeCDF  ^  'W;!®  0.05 

23.4.7.8- PeCDF  03 

Other  PeCDFs  "  0 

23»7,8-HxCDP^  .;;S|  0.1 

Other  HxCDFs  0 

23.7.8- HpCDFs  "''Wte;  0  01 

Other  HpCDFs  'ifflife.  "ll;  0 

-OCDFs - - - _ _ _ 0.001 

The  following  abbreviations  are  used  for  dioxin/furan  homologues  and  congeners: 


tetrachlorinated  dibenzo-p-dioxin  (4  chlorines) 
pcntachlonnated  dibenzo-p-dioxin  (5  chlorines) 
hexachlorinated  dibenzo-p-dioxb  (6  chlorines) 
heptachlqrinated  dibenzo-p-dioxin  (7  chlorines) 
octachlormated  dibenzo-p-dioxin  (8  chlorines) 
tetrachlorinated  dibenzo-furans  (4  chlorines) 
pentachlorinated  dibenzo-furans  (5  chlorines) 
hexachlorinated  dibenzo-furans  (6  chlorines) 
heptachlqrinated  dibenzo-furans  (7  cUorines) 
octachlormated  dibenzo-furans  (8  chlorines) 

23,7,8-subsdtuted  congeners  of  homologue. 

All  congeners  of  homologue  other  than  the  2,3,7,8-substituted  congeners. 
Toxic  equivalency  factor. 
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Several  key  points  need  to  be  made  about  all  the  dioxin/fiiran  data  used  to  establish 
emissions  and  its  applicability  to  the  RMA  incinerator: 


•  A  number  of  the  facilities  used  in  the  analysis  bum  significantly  different 
wastes  than  those  to  be  burned  in  the  RMA  incinerator.  In  fact,  many  of  the 
tested  incinerators  burn  large  quantities  of  PCBs.  Although  the  formation 
mechanisms  for  dioxins/furans  are  not  clearly  understood,  the  presence  of 
PCBs  or  other  likely  dioxin/furan  precursors  in  the  waste  stream  would 
probably  tend  to  increase  dioxin/furan  emissions. 

•  The  data  sets  used  in  this  analysis  generally  were  not  taken  directly  from 
original  comprehensive  test  reports,  but  from  partial  results  reported  in  the 
literature.  TTiis  makes  standardization  gfjthe  data  difficult. 

•  An  inherent  assumption  is  that  the  h^oMj^l^/TCDD  ratios  and  2,3,7,8/total 
homologue  ratios  are  relatively  ,,#ihsistenW^:  municipal  solid  waste  and 
hazardous  waste  incineration. 

Table  5A-7  summarizes  the  EPA  toxic  for  each  facility  and  the  resulting 

geometric  mean  and  confidence  intepak  AB^iirsplayed  is  a  summary  of  the  T-THERMAL 
test  results  for  all  the  tests,  the:ii|ccegi|iiifej||sts,  the  emission  rate  in  pounds  per  hour 
(Ib/hr)  based  upon  the  %  temperature  and  the  moisture  content  of  the  flue 

gas  during  the  trial  bums  ofifiie  PHvaste,  and  the  expected  flue  gas  flow  rate  for  the 
full-scale  submerged  quench^  fi^per^br  proposed  for  RMA  The  emission  rates,  which  were 
used  for  the  base  case,  were  thb' perage  of  the  acceptable  test  mn  from  the  trial  bum  of 
the  RMA-Basin  F  waste,  while  those  used  for  the  sensitivity  case  were  the  upper  95  percent 
confidence  limit  of  test  results  from  facilities  in  the  WESTON  database. 


5A4  INORGANICS  EMISSIONS 
5A4.1  Expected  Emissions 

Emission  factors  for  metals  and  other  inorganics  (such  as  criteria  pollutants  and  acid  gases) 
were  derived  by  several  methods.  For  the  base  case  or  expected  emissions,  the  maximum 
value  was  selected  from  the  acceptable  test  bum  emission  results  and  the  emissions  derived 
from  the  maximum  average  concentration  of  metals  in  the  waste  feed  to  the  incinerator. 
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assuming  that  the  volatilization  fraction  and  the  efficiencies  of  the  air  pollution  control 
(APC)  equipment  are  equal  to  those  given  by  EPA. 

For  the  first  approach,  the  test  bum  data  were  converted  into  emission  factors  in  pormds 
of  metal  and  other  inorganics  per  ton  of  waste  incinerated  (Ib/ton)  and  evaluated  to  see  if 
the  operating  conditions  were  representative  of  the  expected  RMA  submerged  quench 
incinerator  conditions.  Table  5A-8  illustrates  the  results  of  the  converted  test  bum  data  for 
metals.  As  displayed  in  Table  5A-2,  upset  conditions  occurred  during  every  test  mn  except 
test  mn  4;  therefore  it  is  considered  acceptable  and  representative  of  the  expected 
conditions.  Table  5A-9  presents  a  statistical  analysis  Q|!all  the  test  mns  and  compares  the 
results  with  test  mn  4  alone.  .anP-llife:. 

The  second  approach  was  based  on  informatic^|mg^ding  the  concentrations  of  metals  and 
other  inorganics  in  the  waste  feed.  Thepg|laila:i^*|or  metals  are  given  in  Table  5A-9. 
The  uncontrolled  emissions  are  based  oritte "m^pum  average  concentrations  from  each 
of  the  historical  tests  of  the  Basin  aS|Se  series  of  tests  WESTON  performed  both 

on  the  tanks  and  on  the  pond.  Tl^tes^^llP’  converted  into  Ib/ton  based  on  the  density 
of  the  waste. 

The  controlled  emission  ralil^l^ipased  on  expected  feed  rate,  the  percent  of  metals 
volatilized  (and  subsequently  condensed  and  adsorbed  onto  particles),  and  the  removal 
efficiency  of  the  air  pollution  control  equipment.  After  identifying  the  input  of  waste  stream 
metals,  the  next  step  was  to  determine  the  fractions  of  those  metals  that  would  be  expected 
to  volatilize  and  later  condense  and  adsorb  onto  particles.  This  adsorption  process  is 
necessary  for  the  collection  of  metals  by  the  air  pollution  control  (APC)  system.  Based  on 
EPA  (1989),  all  metals  in  liquid  waste  will  volatilize  during  combustion. 

Removal  efficiencies  (considering  both  adsorption  and  collection)  were  estimated  for  a 
packed  scmbber  in  series  with  a  60-inch  pressure  drop  Venturi  scmbber  in  the  incinerator 
APC  system.  EPA  (1989)  only  provided  efficiency  values  for  selected  metals  controlled  by 
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Table  5A-8 

Metal  Emissions  Test  Bum  Results 
(Ib/ton) 
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1 

Silver 

Aluminum 

Arsenk 

Boron 

Barium 

Beryllium 

Calcium 

Cadmium 

Q)balt 

Chromium 

Copper 

Iron 

Mercury 

Potassium 

Lithium 

Magnesium 

Manganese 

Molybdenum 

Sodium 

Nickel 

Phosphorus 

Lead 

Sulhir 

Antimony 

Selenium 

Silicon 

Tin 

Strontium 

Titanium 

Thallium 

Vanadium 

Yittrlum 

Zinc 
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1.19&06  7.62E-07  0.6385  6.76&07  3.49&06 

1.18E06  4.26E-07  0J604  NA  NA 

1.19E-03  2.87E-03  2.4168  2.72&04  1.40E-03 


a  packed  scrubber  in  series  with  a  20-mch  pressure  drop  Venturi  scrubber  and  a  20-mch  or 
60"inch  pressure  drop  Ventun  scrubber  alone.  Therefore,  the  removal  efficiency  of  the 
packed  scrubber  was  calculated  and  added  to  the  removal  efficiency  of  the  60-inch  pressure 
drop  Ventim  scrubber.  It  should  be  noted,  that  it  was  conservatively  assumed  that  no  metals 
were  removed  in  the  incinerator  quench  pit;  similarly,  no  metals  in  the  waste  feed  or  in  the 
flue  gas  entering  the  APC  devices  were  assumed  to  be  removed.  Several  documents 
provided  information  for  conservatively  estimating  removal  efficiencies  of  the  metals  not 
noted  in  EPA  (1989),  based  on  the  efficiencies  given  in  EPA  (1989).  The  detailed 
assumptions  and  results  of  this  approach  are  presented  in  Table  5 A- 10. 


For  acid  gases,  criteria,  and  other  inorganic  pollutan^llhe  same  two  approaches  were  used. 
However,  the  controlled  emissions  based  oniiliiie  w^lS|stream  data  considered  the 
conversion  of  the  waste  stream  component=iJ,^imitted  chemical  form  and  assumed 


removal  efficiencies  based  on  a  numberiipf  souri||p:._,.T^  basis  of  the  assumed  removal 


The  upper  bound  emissions  or  sensitivity  case  for  metals  and  other  inorganics  was  based 
upon  the  average  of  all  runs  during  the  test  bum,  the  maximum  controlled  emission  rate 


based  on  the  waste  feed  data,  and  in  the  case  of  metals,  the  EPA  Tier  II  values.  The  highest 
value  of  those  generated  by  these  three  approaches  was  used. 


The  first  approach  for  estimating  the  upper  bound  emissions  was  based  on  the  average  of 
all  the  runs  from  the  test  bum  (acceptable  or  not).  The  second  approach  was  based  on  the 
highest  of  the  maximum  waste  feed  rate  values  and  the  volatilization  and  removal  efficiency 
methodology  applied  to  the  expected  feed  rate,  explained  in  the  previous  section.  Table  5A- 
12  presents  the  assumptions  and  results  of  these  two  approaches  for  metals.  The 
assumptions  and  results  for  other  inorganics  are  given  in  Table  5 A- 11. 
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Table  5A-10 

Expected  Metal  Emissions  Based  on  Test  Burn  Emissions  and  Waste  Stream  Data 


Metals 


Aluminum 
Antimony 
Arsenic 
Barium 
Beiy  Ilium 
Boron 
Cadmium 
Caldum 
Chromium 
Cobalt 
Copper 
iron 
L^d 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
ver 
him 

_ ntlum 

Thallium 

Tin 

Titanium 

Vanadium 

Yittrium 

Zinc 


Baaed  on  Waste  Stream  Data 
bncontxolleil  Metals  to  Removal 

Emlaaiona  (V  APCD  (2)  Efficiency  (3) 
Ob/ton)  (%)  (%) 


ea  upon 


ContxotUef  Controlled 

Emlaskns  fi)  Emiariona  (5) 
ObItaO  (Wlttm) 


1  Between  fhe  ' 
f  TwoSceaadJo* 


6.7E-03  -  -  - 

-  100  -- 

97  (6) 

Z02E4H 

9.98&04 

54SE»>8' 

lZE-03 

100 

97 

3.51B4B 

6.08&O6 

351B05  i 

■  uvm' 

6.6E-03 

100 

97 

1.99E4H 

9.46E-06 

fi^4]4  i 

XOSEWa, 

2JE-03 

100 

99.4 

1J7E4K 

4.87E4)5 

•  i 

1S1&Q4 

NA 

100 

99.4 

NA 

2.03E4)6 

2jm^  1 

32&02 

100 

97  (8) 

9.68E4H 

1.48E4)3 

.  i 

■7£Sm 

1.9E-04 

100 

97 

5.78E4)6 

6.76E417 

53^436  ■  { 

2.8E-01 

100 

97  (7) 

SSlBrGi 

3.61E4)3 

1 

2.3E-03 

100 

99.4 

137E45 

Z03E-06 

{ 

15E-03 

100 

97  (6) 

437&0S 

6.76E4)7 

1 

'235E4)4 

6ZE+00 

100 

97  (6) 

1.86E-ai 

Z10B412 

i 

?J59B>OI 

8.8E-02 

100 

97  <6) 

Z64E-Q3 

5A5EM 

2jstm  .1 

2.1E-03 

100 

97 

6Z2E4B 

6.08E4}6 

6JBtEr4)$ 

NA 

100 

NA 

NA 

6.08&05 

\ 

2.6E-01 

100 

97  (6) 

7.90&03 

3.88E4)3 

i 

•' 

1.1E-<I2 

100 

97  (6) 

3.41E4H 

5.61&05 

3.«IE4)4  1 

3.7E-04 

100 

85 

S30E4S 

338&06 

5iO&C5  } 

4.1E-03 

100 

85  (6) 

6.11E4H 

333E4)6 

A 

53E-02 

100 

97  (6) 

15BB4J3 

338E4)6 

\3sem:  1 

2.1E+00 

100 

97  a) 

6Z9E412 

3Z0E-04 

$39&Xt  } 

3.4E+00 

100 

85  (6) 

5.09E4n 

9.46E4)6 

2^400 

NA 

100 

NA 

NA 

8.76E-03 

i 

8.8E-01 

100 

99.4 

5Z7E4B 

338E4)6 

sm4» '  i 

2,725^ 

2.2E+Q2 

100 

97  (9) 

6.47E4O0 

3S9Em 

647E-^  1 

NA 

100 

97  (8) 

NA 

Z03E-06 

2JQ3&06  1 

NA 

100 

97 

NA 

5.12&(H 

i 

NA 

100 

97  (7) 

NA 

4.48E-04 

A 

xsi&as 

NA 

100 

97  (6) 

NA 

338E-06 

) 

43E-03 

100 

97  (6) 

129E4H 

6.76E4}7 

129E4>i.  \ 

6JSSSSA3^ 

NA 

100 

97  (8) 

NA 

NA 

0.00^  i 

aociK+» 

3.0E-02 

100 

97  (6) 

9.01E-(M 

Z72E-04 

9.0JB-CI4  1 

4.m4& 

(1)  Based  upon  the  maximum  of  the  averages  emission  concentration  from  historical  test  data  (tons/yr)  and 
multlpl^g  by  2000  Ibs/ton  /  ((10^25  lbs  of  waste/hr  /  2000  Ibs/ton)  x  7,000  op>eratlng  hrs/yr). 

(2)  Percent  of  metal  volatilization  is  estimated  at  100%  for  all  metals  in  liquid  waste  based  on  EPA  Guidance  on 
Metals  and  HQ  Controls  from  Hazardous  Waste  Incineration^  Draft  Final  Report,  August  1989,  Table  111-9* 

(3)  Based  on  EPA  Guidance  (note  2),  Table  III-8.  The  removal  efficiency  of  the  wet  scrubber  In  series 

with  the  Venturi  scruuber  at  20"  of  water  was  calculated.  This  removal  efficiency  was  used  in  series  with 
the  removal  efficiency  of  the  Venturi  scrubber  at  60"  of  water. 

(i)  Controlled  Emissions  =  Uncontrolled  Emissions  x  %  Metals  to  APCD  x  (1-  %  Removal  Efficiency) 

(5)  Based  upon  the  emissions  during  the  one  acceptable  test  run  from  the  test  bum  by  T-Thermal  In  Aug.  1990. 

(6)  Assumed  removal  efficiency  of  antimony,  arsenic,  cadmium,  lead  and  thallium  or  of  mercury  per  footnote  (3), 
based  on  scrubber  efficiency  similar  to  those  compounds  in  "Hazardous  Waste  Stream  Trace  Metal  Conoentrationa 
and  Hmisslons",  Mitre  Corp.,  U5.EPA  Office  of  Solid  Waste,  November  1983. 

(7)  Similar  to  copper,  cobalt  and  titanium  in  showing  no  concentration  with  particle  size  per  Davlsion,  Natusdw 
et  al  "Trace  Elements  In  Fly  Ash",  Environmental  Science  &  Technology,  VoL  8,  No.  13,  December  1974. 

Therefore,  assumed  scrubber  efficiency  similar. 

(8)  Similar  emissions  to  feed  ratio  to  that  of  iron  and  aluminum  per  Kaakinen  Jorden,  et  al,  "Trace  Element 
Behavior  in  Coal-Fired  Power  Plant",  Environmental  Science  &  Technology,  VoL  9,  No.  9,  September  1975. 
Therefore,  asaunved  scrubber  efficiency  similar. 

(9)  Similar  control  efficiency  to  that  of  caldum.  Iron  and  potassium  per  Klein,  Andren,  et  aL, 

"Pathways  of  Thirty-seven  Trace  Elements  Through  Coal-Flred  Power  Plant",  Environmental  Science  & 
Technology,  Vol  9,  Na  10,  October  1975.  Therefore,  assumed  scrubber  efficiency  similar. 
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Table  5A-12 

Maximum  Metal  Emissions  Based  on  Test  Burn  Emissions  and  Waste  Stream  Data 
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Based  on  Waste  Stream  Data 
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5.4E-01 

100 

97  (7) 

1.62E-Q2 

550E4B 

.  142E4C-  ) 

Chromium 

3.1E-03 

100 

99.4 

1.84E-05 

3.41E4)6 

) 

Cbbalt 

1.5E-C3 

100 

97  (6) 

4.50E-05 

1.7D&06 

iSOE^  1 

Copper 

1.2E+01 

100 

97  (6) 

332E-01 

d.65E-03 

1 

vmm  \ 

{Iron 

13E-01 

100 

97  (6) 

430E-C3 

1.15E4S3 

4.SQE<Qa  .  I 

■:  .. 

Lead 

4.0E-O3 

100 

97 

UOE-04 

8.44E-05 

I20E-04  ,  1 

Lithium 

NA 

100 

NA 

NA 

1.15E416 

1.15E^  ] 

.sa2w$ 

Magnesium 

4AE-01 

100 

97  (6) 

132E-02 

4.76E-03 

\32Ba2  ■  1 

Manganese 

1.2E-02 

100 

97  (6) 

3,48E.04 

3.84E^ 

3.84&Q4  1 

Mercury 

5.5E-04 

100 

85 

823E-05 

5.72E-06 

823E^  \ 

44S&04  - 

1  Molybdenum 

4.2E-C3 

100 

85  (6) 

6.29&04 

5.72E4)6 

SSSiBM  i 

3^S&03.V 

iNickel 

55E^ 

100 

97  (6) 

1.65E-03 

359B^ 

Potassium 

4.7E^ 

100 

97  m 

1.40E-01 

5.76E-04 

] 

^ienium 

3.4E+O0 

100 

85  (6) 

5.09E-01 

2.92E4M 

1 

.  2j6SRm-.  '.  r 

iSilicon 

NA 

100 

NA 

NA 

WSE-ai 

1 

r  : 

8.8E-01 

100 

99.4 

527E-03 

5.72E-06 

5J7E4B  } 

...  172EHH  . 

l^pium 

5.3E+Q2 

100 

97  (9) 

1.60E-^01 

3.08E+<n 

3.08B401  1 

IKntlum 

NA 

100 

97  (8) 

NA 

3.13E4)6 

3.13&06  < 

'  'lJSm-08  . 

Thallium 

NA 

100 

97 

NA 

4.74E-(H 

474E>04  ■  1 

Tin 

NA 

100 

97  Q) 

NA 

4.87&04 

4S7EM  .  } 

2SI&a3 

Titanium 

NA 

100 

97  (6) 

NA 

5.95&06 

5.95&06  "  i 

3i)7B43  •  •. 

1  Vanadium 

4.8E-03 

100 

97  (6) 

1.45E.04 

1.19E4)6 

14^4)4  t 

7AS&i>i  . 

|YUtrium 

NA 

100 

97  (8) 

NA 

1.18E-06 

148E^  1 

■  .  ...• 

Zinc 

62E-Q2 

100 

97  (6) 

1.85E-03 

1.19E-03 

1.85E4»  1 

(V 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 


(8) 


Bajed  upon  the  maximum  of  the  maxlmums  emission  concentration  from  historical  test  data  (tons/yr)  and 
multipl]^g  by  2000  Ibs/ton  /  ((10^25  lbs  of  waste/hr  /  2000  Ibs/ton)  x  7,000  operating  hrs/yr). 

Percent  of  metal  volatlllzallon  is  estimated  at  100%  for  all  metals  in  liquid  waste  based  on  EPA  Guidance  on 
Metals  and  HQ  Controls  from  Hazardous  Waste  Incineration,  Draft  Final  Report,  August  1989,  Table  111-9, 

Based  on  EPA  Guidance  (note  2),  Table  in-8.  The  removal  efficiency  of  the  wet  scrubber  in  series 
with  the  Venturi  scruuber  at  20"  of  water  was  calculated.  This  removal  efficiency  was  used  in  series  with 
the  removal  efficiency  of  the  Venturi  scrubber  at  60"  of  water. 

Controlled  Emissions  =  Uncontrolled  Emissions  x  %  Metals  to  APCD  x  (1-  %  Removal  Efficiency) 

Based  upon  the  average  emission  during  the  test  bum  by  T-Thermal  in  Aug.  1990. 

Assumed  removal  efficiency  of  antimony,  arsenic,  cadmium,  lead  and  thallium  or  of  mercury  per  footnote  (3), 
based  on  scrubber  efficiency  similar  to  those  compouiuis  in  "Hazardous  Waste  Stream  Trace  Metal  Concentrations 
and  Emissions”,  Mitre  Corp.,  U5.EPA  Office  of  Solid  Waste,  November  1983. 

Similar  to  copp>8r,  cobalt  and  titanium  in  showing  no  concentration  with  particle  size  per  Da  vision,  Natusch, 
et  al  Trace  Elements  in  Fly  Ash",  Environmental  Science  k  Technology,  VoL  8,  No.  13,  December  1974. 

Therefore,  assumed  scrubber  efficiency  similar. 

Similar  emissions  to  feed  ratio  to  that  of  iron  and  aluminum  per  Kaaklnen  Jorden,  et  al.  Trace  Element 
Behavior  in  Coal-Fired  Power  Plant”,  Envirorm^ental  Science  k  Technology,  VoL  9,  No.  9,  September  1975. 
Therefore,  assumed  scrubber  efficiency  similar. 

Similar  control  efficiency  to  that  of  calcium,  iron  and  potassium  per  Klein,  Andren,  et  al, 

Tathways  of  Thirty-seven  Trace  Elements  Through  Coal-Fired  Power  Plant",  Environmental  Science  k 
Technobgy,  VoL  9,  Na  10,  October  1975.  Therefore,  assumed  scrubber  efficiency  similar. 
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The  third  approach  for  estimating  upper  bound  metal  emissions  was  used  for  all  the  metals 


and  Tier  II  Emission  Rate  screening  values  in  (EPA  1989).  Tier  I  and  n  values  represent 
limits  on  feed  and  emission  rates  of  metals  to  the  incinerator  that  EPA  has  proposed  as  one 
part  of  its  national  performance  standards  for  hazardous  waste  incinerator  emissions.  These 
Tier  I  and  II  screening  values  are  designed  to  provide  a  simple  and  conservatively  protective 
approach  to  regulating  metals  emissions  (from  a  health  risk  perspective)  and  do  not  consider 
any  reduction  in  emissions  from  metals  either  not  volatilized  or  captured  in  the  air  pollution 
control  equipment. 


The  EPA  screening  limits  are  based  on  conservatively  low  estimates  of  potential  ambient 
air  dispersion  (i.e.,  resulting  in  higher  ambient  ^)®centra€^  than  normally  expected  for 
a  given  emission  rate).  Therefore,  the  specii|Upji|bpriate  values  are  dependent  on  key 
dispersion  modeling  parameters  such  as  t.^rain,  uii|an  or  rural  area,  and  effective  terrain- 
adjusted  stack  height.  The  dispersion  m^elipf  lipr  the  RMA  incinerator  unit  assumed 


temperature  of  449.8  K,  andi|lbw::tpl|ij|:i7:3  mVsec.  From  Table  B-1  of  EPA  (1989) 

parameters  is  7m. 


analysis,  the  terrain-adjusted  effective  stack  height  per  Table  B,  Step  3  of  EPA  (1989)  is: 


Terrain-adjusted  Stack  Height  =  stack  height  +  plume  rise 
=  (maximum  elevation  -  base  elevation) 

=  28.96m  +  7m  -  (58.5m  -Om)  =  -22.54m 


Since  the  terrain-adjusted  stack  height  is  less  than  zero,  the  minimum  terrain-adjusted  stack 
height  in  the  EPA  tables  of  4  meters  was  assumed.  The  Tier  I  feed  rates  in  poimds  per 
hour  for  complex  terrain,  rural  land  use,  and  a  4-meter,  terrain-adjusted  stack  height  from 
EPA  (1989)  are  given  for  all  listed  metals  in  Table  5 A- 13. 
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Stack  Parameters  and  Her  I  Expected  and  Maximum  Feed  Rates  for  Complex  Terrain 


English  Units  ■ 

Stack  Height  (ft)  B 

Velodty  (ft/sec)  B 

Diameter  (ft)  B 

Eowrate  (acfs)  fl 

Exhaust  temperature  (deg.  F)  * 
Metric  Units  (calculated): 

Stack  Height  (m) 

Velocity  (m/sec) 

Diameter  (ft) 

Flowrate  (m^3/sec) 

Exhaust  temp>erature  (deg.  K) 
Type  of  Terrain: 

Plume  Rise  Values  vs.  Stack  Parameter 
Maximum  Terrain  Rise  (m) 
^Terrain-adjusted  Effective  Stack  Height 


pvnnair^i;firairniii^ii<T7in9i 


Non-cardnogenic  Metals 
Antimony 
Barium 
Lead 
Mercury 
Silver 
Thallium 

Carcinogenic  Metals 
Arsenic 
Beryllium 
C^mium 
Chromium 
Total  Chlorine 


Non-cardnogenic  Metals 
Antimony 
Barium 
Lead 
Mercury 
SUver 
Thallium 

Cardnogerdc  Metals 
Arsenic 
Beryllium 

Cadmium 

Chromium 

Sum  of  the  Ratios  of  Expeded  Feed  Rate/ 

Tier  I  Feed  Rate  Limit  for  Carcinogenic  Metals 
Total  Chlorine 


DRAFT 


28.96 
18.29 
0.713 
730 
4493 
complex,  rural 
7 

585 

4 


3.1E-02 

52E+00 

9.4E-03 

3.1E-02 

3.1E-01 

3.1E.02 

2.4E-04 

4.4E-04 

5.8E-03 

8.7E-05 

2.6E-01 


6.0E-03 

1.2E-02 

1.1E.02 

1.9E-03 

43E+00 

NA 

3.4E-02 

NA 

9.9E-04 

13E-02 

2773 

l.lE+03 


Non-cardnogenic  Metals 
Antimony 
Barium 
Lead 
Mercury 
Silver 
Thallium 

Carcinogenic  Metals 
Arsenic 
Beryllium 
Cadnuum 
Chromium 

Sum  of  the  Ratios  of  Maximum  Feed  Rate/ 

Tier  I  Feed  Rate  Limit  for  Carcinogenic  Metals 
Total  Chlorine 


9.2E-03 

1.2E-02 

2.1E-02 

2.8E-03 

45E400 

NA 

83E-02 

NA 

2.1E-03 

1.6E-02 

526.4 

1.7E+02 


The  expected  and  maximum  feed  rates  were  compared  with  the  Tier  I  results.  The  sum  of 
the  ratios  of  the  expected  total  carcinogenic  metals  (arsenic,  beryllium,  cadmium,  and 
chromium)  feed  rates  to  the  Tier  I  carcinogenic  metals  feed  rates  must  not  exceed  1.0,  or 
Tier  n  emission  rate  limitations  must  be  applied.  The  sum  of  the  ratios  exceeded  1.0  by 
277.8.  The  maximum  feed  rates  were  also  evaluated.  The  results  are  presented  in  Table  5A- 
12. 

Tier  n  limits  follow  the  same  methodology  as  the  Tier  I  limits,  but  use  the  emission  rates 
of  the  proposed  facility.  The  Tier  11  emission  rates  in  grams  per  second  are  given  for  all 
listed  metals  in  Table  5 A- 14  as  well  as  the  expected  andimaximum  emission  rates.  The  sum 
of  the  ratios  also  exceeded  1.0.  Therefore,  for  tbff^pnogenic  metals,  the  maximum 
emission  rates  were  assumed  to  be  limited  to  ,:j|e  valudti|ni,  calculated  from  the  Tier  II 
estimates.  These  values  are  extremely  cons4ga.,tiy|fbstimates  of  upper  bound  emissions 
because  they  are  not  related  to  the  actu4.Basim=®;^te.  Rather  the  Tier  n  values  are 
estimates  of  what  EPA  considers  the  maxih||ini''i|;i||^ble  emissions  from  a  risk  perspective, 
without  conducting  refined  dispersigpi|npdd8|  and  risk  assessment  such  as  conducted  in 
this  study.  ..lU, 

5A.5  SUMMARY  OF  EMimON^Ii: 

Table  5 A- 15  is  a  compilation  of  ^  the  emission  estimates  developed  in  this  section  as  well 
as  the  organic  emission  estimate  developed  as  explained  in  Appendix  5B.  The  emissions 
were  converted  to  mass-per-unit  time  using  the  projected  waste  feed  rate  (10,325  Ib/hr)  and 
annual  operating  schedule  (7,000  hours  per  year)  for  the  RMA  facility.  These  rates  were 
used  to  determine  the  predicted  ambient  concentrations  and  deposition  rates. 
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Stack  Parameters  and  Tier  II  Expected  and  Maximum  Emission  Rates  for  Complex  Terrain 


Stack  Parameterg 

English  Units 

Stack  Height  (ft) 

Velocity  (ft/sec) 

Diameter  (ft) 

Flowrate  (ads) 

Exhaust  temperature  (deg.  F) 

Metric  Units  (calculated): 

Stack  Height  (m) 

Velodty  (m/sec) 

Diameter  (ft) 

Flowrate  (m'^S/sec) 

Exhaust  temperature  (deg.  K) 

Type  of  Terrain; 

Plume  Rise  Values  vs.  Stack  Parameter 

Maximum  Terrain  Rise  (m) 

Terrain-adjusted  Effective  Stack  Height 

95 

60 

234 

258 

350 

28.96 
1839 
0.713 
730 
4493 
complex,  rural 

7 

583 

4 

Her  il  hmission  Kate  Limits  (g/s> 

Non-cardnogenlc  Metals 

Antimony 

3.9E-03 

Barium 

6.6E-01 

Lead 

1.2E-03 

Mercury 

3.9E-03 

Silver 

3.9E-02 

Thalliiun 

3.9E-03 

Carcinogenic  Metals 

Arsenic 

3.1E-05 

.  Beryllium 

53E-05 

Cadmium 

7.3E-05 

Chromium 

I.IE-OS 

Hydrogen  Chloride 

3.3E-02 

Expected  Emission  Rates  (g/s) 

Non-cardnogenic  Metals 

Antimony 

2.3E-05 

Barium 

3.2E-05 

Lead 

4.0E-05 

Mercury 

3.6E-05 

Silver 

3.4E-03 

Thallium 

3.3E-04 

Carcinogenic  Metals 

Arsenic 

1.3E-04 

Beryllium 

1.3E-06 

Cadmium 

3.8E-06 

Chromium 

8.9E-06 

Sum  of  the  Ratios  of  Expected  Emission  Rate/ 

Tier  n  Emission  Rate  Limit  for  Carcinogenic  Metals 

5.06 

Hydrogen  Chloride 

13E+01 

Maximum  Emission  Rates  (gfs) 

Non-cardnogenlc  Metals 

Antimony 

4.9E-05 

Barium 

1.2E-05 

I 

7.8E-05 

Mercury 

5.4E-05 

Silver 

3.4E.03 

Thallium 

3.1E-04 

Carcinogenic  Metals 

Arsenic 

3.1E-04 

Beryllium 

2.6E-06 

Cadmiiun 

7.8E-06 

Chromium 

1.2E-05 

Sum  of  the  Ratios  of  Maximum  Emission  Rate/ 

Tier  n  Emission  Rate  Limit  for  Carcinogenic  Metals 

1131 

Hydrogen  Chloride 

2.2E+01 

Table  5A-15 

Emission  Rates  for  Rocl^  Mountain  Arsenal  Basin  F  Waste  Submerged  Quench  Incinerator 


Category/ 

Pollutant 

(tmlyr) 

Base  Case  (a) 
(Iblhr) 

(gisec) 

(tan/yr) 

Sensitivitv  Case  (b) 
(Iblhr) 

(gisec) 

U5.  EPATEF 

4.16E-09 

L19E-09 

1.50E.10 

6.63E-08 

1.90E-08 

2.39E-09 

Metals 

Aluminum 

1.80E-02 

5.15E-03 

6.49E-04 

2.50E-02 

7.14E-03 

8.99E-04 

Antimony 

6.34E-04 

L81E-04 

228E-05 

1.08E-01 

3.10E-02 

3.90E-03 

Arsenic 

3.59E-03 

1.03E-03 

1Z9E-04 

8.67E4)3 

2.48E-03 

3.12E4)4 

Barium 

8.79E-04 

2.51  E-04 

3.16E-05 

1.83E401 

5Z4E+00 

6.60E-01 

Beryllium 

3.66E-05 

1.05E-05 

1.32E4)6 

1.53E4)3 

4.37E-04 

5.50E-05 

Boron 

2.68E-02 

7.65E-03 

9.63E-04 

3.63E-02 

1.04E-02 

1.31  E«03 

Cadmium 

1.04E-04 

2.98E-05 

3.76E-06 

2.03E-03 

5.79E-04 

7.30E-05 

Calcium 

1.54E-01 

4.39E-02 

5.53E-03 

2,93E-01 

8.36E-02 

1.05E-02 

Chromium 

2.47E-04 

7.05E-O5 

8.88E-06 

3.32E^ 

9.49E-05 

lZOE-05 

Cobalt 

7.89E-04 

2Z5E4)4 

2.84E-05 

8.13E-04 

2.32E-04 

2.93E-05 

Copper 

3.35E+00 

9.59E-01 

121E-01 

6.35E4O0 

1.82E+00 

2.29E4)1 

Iron 

4.77E-02 

1.36E-02 

1.72E-03 

8.13E-02 

2.32E-02 

2.93E-03 

Lead 

1.12E-03 

3.21E-04 

4.05E-05 

3.33E-02 

9.52E-03 

120E-4)3 

Lithium 

I.IOE^ 

3.14E-05 

3.96E-06 

2.07E4)4 

5.92E4}5 

7.45E-06 

Magnesium 

1.43E-01 

4.08E-02 

5.14E-03 

2.39E-01 

6.81E-02 

8,59E-03 

Manganese 

6,16E-03 

L76E-03 

222E-04 

6.93E-03 

1.98E-03 

2.50E-04 

Mercury 

9.93E-04 

2.84E-04 

3,57E^5 

1.08E-01 

3.10E-02 

3.90E-03 

Molybdenum 

l.lOE-02 

3,15E-03 

3.97E-04 

1.14E-02 

3.25E-03 

4.09E-04 

Nickel 

2.86E-02 

8.18E^3 

1.03E^3 

2.97E>02 

8.49E-03 

L07E-03 

Potassium 

1.14E+00 

3Z5E-01 

4.09E-02 

2.54E+00 

724E-01 

9.13E-02 

Selenium 

9Z0E+00 

2.63E-K)0 

3.31E-01 

9Z0E4O0 

2.63E+<X) 

3.31E-01 

Silicon 

1.58E-01 

4.52E-02 

5.70E-03 

1.89E>01 

5.41  E-02 

6.81E-03 

Silver 

9.52E-02 

.  2.72E-02 

3.43E-03 

l.OSE+OO 

3.10E-01 

3.90E-02 

Sodium 

L17E-K)2 

3.34E+01 

421E400 

5.56E402 

1,59E+I}2 

2.00E-f01 

Strontium 

3.66E-05 

1.05E-05 

1.32E-06 

5.66E-05 

1.62E-05 

2,04E-06 

Thallium 

9Z5E-03 

2.64E-03 

3.33E-04 

l.OSE^l 

3.10E-02 

3.90E-03 

Tin 

8.09E-03 

2.31  E-03 

2.91E-04 

8.79E-03 

2.51E-03 

3.16E-04 

Titanium 

6.10E-05 

1.74E-05 

2Z0E-O6 

1.07E-04 

3.07E-05 

3.87E-06 

Vanadium 

2.34E-03 

6.68E-04 

8.42E^5  1 

2.62E-03 

7.49E-04 

9.44E-05 

Yttrium 

NA 

NA 

NA 

2.14E-05 

6.11E-06 

7.70E-07 

Zinc 

L63E-02 

4.65E-03 

5.86E-04 

3.34E-02 

9.54E-03 

U0E^3 

Organics 

1,1 -Oichloroethene 

3.81E-11 

1.09E-n 

1.37E.12 

1 ,2-DichIoroethene 

2.65E-11 

7.57E-12 

9.53E-13 

1 ,2-Dichloropropane 

3.07E-12 

8.77E-13 

l.llE-13 

1 ,3-Dimethy  Ibenzene 

2.72E-08 

7.77E-09 

9.79E-10 

Acetone 

1.07E-11 

3.07E»12 

3.87E-13 

Ammonia 

326E-03 

9.32E-04 

l,17E-04 

Benzene 

1.40E-07 

3.99E-08 

5.03E-09 

Bromomethane 

136E-08 

3.89E-09 

4.90E-10 

Carbon  Tetrachloride 

4.34E-11 

U4E-11 

1.56E-12 

Chlorobenzene 

337E-08 

9.62E-09 

121E-09 

Chloroform 

6.87E.12 

1.96E-12 

2.47E-13 

Ethylbenzene 

4.08E-08 

1.17E-08 

1.47E-09 

Methanol 

L63E-07 

4.65E-08 

5.86E-09 

Methylene  Chloride 

L36E-08 

3.89E-09 

4.90E<10 

Tetrachlorethene 

5.43E-10 

1.55E-10 

1.95E-11 

Toluene 

6.80E-08 

1.94E-08 

2.45E-09 

Trichloroethene 

8.33E-11 

2.38E-11 

3.00E-12 

Xylene 

2.72E-08 

7.77E-09 

9.79E-10 

4-Chlorophenylmethylsuifone 

2.52E-11 

7Z1E-12 

9.08E-13 

4-Chiorophenylmethylsulfoxide 

9,40E-11 

2,69E-11 

3.38E.12 

4-NitrophenoI 

5.76E-11 

1.64E.11 

2.07E.12 

Aldrin 

6.91E-12 

1.97E-12 

2.49E-13 

Atrazine 

1.54E-12 

4.39E-13 

5.53E-14 

Table  SA-IS 
(continued) 


Category/ 

Pollutant 

(lonfyr) 

Base  Case  (a) 
(Ibihr) 

(gisec) 

Organics 

Hydrogen  Cyanide 

6.46E-08 

l,85E-08 

2.32E-09 

EHeldrin 

1.42E-12 

4.06E.13 

5.11E-14 

Oiisopropyl  Methylphosphonate 

2,49E-10 

7.13E-11 

8.98E-12 

Dimethyl  Methylphosphonate 

5.95E-09 

1.70E-09 

2.14E-10 

Dimethyldisulfide 

6.91E-10 

1.97E-10 

2.49E-n 

Dimethylphosphate 

1.63E-09 

.  4.66E.10 

5.87E-11 

Dithiane 

2.49E-13 

7.13E-14 

8.98E-15 

Endrin 

1.38E-12 

3.95E-13 

4.97E-14 

Hexachlorocyclopenta  d  iene 

128E-11 

3.67E.12 

4.63E-13 

Isodrin 

3.64E-12 

1.04E-12 

1.31E-13 

Ma  lath  ion 

5.56E-12 

1.59E-12 

2.00E-13 

Pa  rath  ion 

7.68E-13 

2.19E-13 

2.76E-14 

Supona 

2.30E-12 

6.58E-13 

829E-14 

Urea 

9.98E-07 

2.85E-07 

3,59E-08 

Vapona 

6.14E-12 

1.75E-12 

221E-13 

p,p-DDE 

1.1 5E^ 

329E-09 

4.14E-10 

p,p-DDT 

2.30E-12 

6.58E-13 

8.29E-14 

EICs  with  Specific  Precursors 

Vinyl  Chloride 

1.36E-07 

3.89E-08 

4.90E-09 

Methyl  Chloride 

1.36E-07 

3.89E-08 

4.90E-09 

Styrene 

1.36E-07 

3.90E4)8 

4.91E-09 

Phenol 

7,37E-07 

2.11E-07 

2.65E-08 

Beazaldehyde 

1.42E-07 

4.05E-08 

5.10E-09 

Benzoic  Acid 

6.86E-08 

l,96E-08 

2.47E-09 

Acetonitrile 

6.52E-10 

1.86E-10 

2.35E-11 

Acrylonitrile 

6.52E-11 

1.86E-11 

2.35E-12 

Cyanogen 

6.52E-12 

1.86E-12 

2.35E-13 

Hexachlorobenzene 

4.64E-10 

1.32E-10 

1.67E-11 

Pen  tachJo  robenzene 

2.07E.10 

5.93E-11 

7.47E-12 

Tetrachlo  robenzene 

8.75E-11 

2.50E-11 

3.15E-12 

T  richlo  robenzene 

4.62E-11 

132E-11 

1.66E-12 

Dichlorobenzene 

2.45E-11 

6.99E-12 

8.81  E-13 

Biphenyl 

6.82E-08 

1.95E-08 

2.45E-09 

4-Chlorobiphenyl 

7.88E-08 

2.25E-08 

2,84E-09 

4,4-Chlorobiphenyl 

1.03E-09 

2.95E-10 

3.72E-11 

Benzonitrile 

6.52E-11 

1.86E-11 

2.35E-12 

Pyridine 

6.52E-12 

1.86E-12 

2.35E-13 

Carbazole 

1  JOE-11 

3.73E-12 

4.70E-13 

Quinoline 

3.26E-11 

9.32E-12 

1.17E-12 

ElCg  withonLSpedfic  Precursors 

Benzofuran 

2.72E-07 

7.77E-08 

9.79E-09 

Dibenzofuran 

1.36E-08 

3.88E-09 

4.89E-10 

Acenaphthalene 

6.80E-08 

1.94E-08 

2.45E-09 

Acenaphthene 

6.80E-08 

1.94E-08 

2.45E-09 

Fluoranthene 

4.08E-08 

1.17E-08 

1.47E-09 

Phenanthrene 

2.72E-08 

7.77E-09 

9.79E-10 

Pyrene 

1.36E-08 

3.88E-09 

4.89E-10 

Fluorene 

1.36E-08 

3.88E-09 

4.89E-10 

Benzo(a)pyrene 

1.36E-08 

3.88E-09 

4.89E-10 

Dibenzo(a)anthracene 

1.36E-08 

3-88E-09 

4.89E-10 

Chrysene 

1.36E-08 

3.88E-09 

4.89E.10 
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Table  5A-15 


Particulate  Matter 
Carbon  Monoxide 
Hydrogen  Chloride 
Hydrogen  Fluoride 
Nitric  Acid 
Nitrogen  Dioxide 
Phosphate 
Sulfuric  Acid 
Sulfur  Dioxide 


14.00  (c) 
4.71 

4.73  (d) 
0.17 
3.85 
32,13 
3.44 
10.40 
24,43  (d) 


14.00 
7.29  (e) 
14.00  (ft 
0,32 
3.85 

143.22  (p 
15.04 
17.34 

101.50  (p 


(a)  These  estimates  are  based  upon  the  acceptable  results  during  the  test  bum  for  dioxins/furans  and  the  maximum  of  the  acceptable 
est  resulte  or  the  maximum  of  the  averages  waste  stream  data  for  inorganics  (including  metals,  acid  gases  and  other  compounds) 

(hi  F^r  emissions  are  based  upon  DeUinger's  analysis  of  the  maximum  of  the  averages  wastestream  data 

^  the  n^xtaum  value  of  the  test  results  from  the  test  bum,  the  maximum  of  the  maximum  values  from  the 

wastestream  data,  and  the  EPA  Guidance  Tier  U  limits  for  complex  terrain. 

For  dioxins/furens:  based  upon  the  95%  confidence  interval  from  WESTON's  hazardous  waste  incinerator  emissions  database 
For  acid  gases  &  otter  compounds;  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum  and  the  maximum  of  the 
maximum  values  from  the  wastestream  data. 

(c)  Based  upon  Colorado's  emission  limitation  of  0.08  gr/dscf  @12%  C02. 

(d)  Based  upon  the  February  1989  test  bum,  which  tested  for  the  specific  compound. 

(e)  Based  upon  Federal  emission  limitation  of  100  ppm. 

(f)  Based  upon  vendor  performance  guarentees. 
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Based  on  the  estimated  feed  composition  furnished  by  Mr.  Paul  Siebert  of 
vVeston  Inc.,  an  estimate  of  the  organic  emissions  from  the  controlled 
incineration  of  Basin  F  liquids  has  been  prepared.  The  difficulties  in  making 
accurate  predictions  of  mass  emission  rates  of  organic  pollutants  is  well 
documented  However,  by  making  some  reasonable  assumptions  it  is 
possible  to  prepare  an  estimate  ot  the  relative  emission  rates  of  organic 
compounds,  both  Principal  Organic  Hazardous  Constituents  (POHCS)  and 
Products  of  Incomplete  Combustion  (PICs).  These  relative  emission  rates 
con  then  be  converted  to  absolute  emission  rates  by  "normalizing"  these 
estimated  emissions  to  actual  measurements  on  the  incinerator  for  a  few 
selected  compounds.  V/hen  these  measurements  are  not  available,  one  can 
alternatively  use  the  current  EPA  emissions  regulations  as  a  calibration 
technique. 

The  relative  emission  estimate  identifies  the  theoretically  most 
stable  POHC,  assuming  its  DRE  to  be  99.99^  (the  worst  allowable  case),  the 
relative  ernissiun  rate  of  every  other  POHC  and  PIC  in  the  estimate  may  be 
ratioed  to  the  emission  rate  of  the  most  stable  POHC  to  give  calibrated 
emission  rates  for  all  of  the  potential  emissions.  These  calibrated 
emission  rates  can  then  be  used  in  conjunction  with  conventional  risk 
assessment  techniques  to  estimate  the  health  risks  due  to  the  stack 
emissions 

The  following  paragraphs  summarize  the  general  scientific  approach 
used  to  develop  the  relative  emission  rate  data  for  POHCs  and  PiCs.  This  is 
a  very  complex  subject  and  a  detailed  discussion  of  the  estimate  of  the 
emission  rate  for  each  compound  is  beyond  the  scope  of  this  report. 

However,  a  short  discussion  of  the  emissions  estimation  procedure  for 
several  compounds  of  special  interest  based  on  various  criteria  is  included. 
Polychlorinated  dibenzo-p-dioxin  and  furans  are  not  included  in  the 
eraissions  estimai.e  because  ol  their  predicted  ultra-trace  yields  for  the 
compounds  listed  in  the  Basin  F  liquids. 

At  the  conclusion  of  the  report,  a  brief  discussion  of  the  results  of 
this  emissions  estimate  versus  emissions  measurements  from  other  full 
scale  facilities  is  presented.  Appendix  1  presents  the  final  emissions 
estimation  results.  The  key  to  the  table  displays  the  actual  calculation 
procedure  used  to  obtain  the  relative  emission  rate  estimates  and  the  final 
calibrated  or  normalized  emissions  estimate.  Appendix  2  contains  the 
estimated  PIC  yields  for  input  into  the  emissions  estimate  in  Appendix  1 
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BACKGROUND 


Calculations  and  experimental  observations  have  shown  that  the 
emissions  of  undestroyed,  residual  POHCs  are  kinetically,  not 
thermodynamically  controlled.  (1,2J  The  destruction  efficiency  (DE)  of 
POHCs  IS  dominated  by  the  temperature,  time,  and  reaction  atmosphere 
experienced  by  the  POHCs  in  the  high  temperature  zones  of  incinerators. 

Thus  determination  of  the  exact  lime,  temperature,  and  reaction  atmosphere 
history  of  all  the  molecules  in  an  incinerator  is  necessary  to  determine  the 
actual  DE  of  a  POHC.  This  type  of  information  is  ,  of  course,  not  currently 
available.  However,  less  information  is  required  to  estimate  the  relative  DE 
of  potential  POHCS. 

Simple  conceptual  and  more  comple.x  computer  models  suggest  that 
the  gas-phase  residence  time,  temperature,  and  reaction  atmosphere  in  the 
posf-flame  or  thermal  zones  of  incinerators  control  the  relative  emissions 
of  most  POHCs  (3-5]  The  basic  reasoning  behind  this  is  that  all  molecules 
entering  the  flame  zone  of  an  incinerator  are  essentially  destroyed  and  only 
the  small  fraction  of  the  material  escaping  the  flame  zone  may  be  emitted 
for  the  facility.  Various  flame  zone  “failure  modes”  exist  which  may  cause 
residual  POHCs  to  be  emitted.  Once  in  the  post-flame  zone,  gas-phase 
the.'^mal  decomposition  kinetics  controls  the  rate  of  POHC  destruction  and 
tormation  and  destruction  of  PICs. 

Calculations  using  available  kinetic  data  indicate  that  the  emissions 
observed  from  full  scale  incinerators  are  several  orders  of  magnitude  higher 
than  those  calculated  using  oxidation  kinetics  and  residence  times  and 
temperatures  anywhere  near  the  mean  values  in  the  post-flame  zone  of  the 
incinerator.  [6]  This  suggests  that  oxygen  depleted  pathways  must  be 
responsible  for  most  POHC  and  PIC  emissions  since  the  rate  of  POHC 
destruction  is  significantly  slowed  and  the  rate  of  PIC  formation  is 
increased  under  pyrolysis 

Even  though  the  facility  may  be  operating  under  nominally  excess  air 
conditions,  poor  mixing  will  result  in  oxygen-deficient  pockets  where  the 
rate  of  POHC  destruction  is  low  and  PIC  formation  is  favored.  Consequently, 
it  is  believed  that  gas-phase  thermal  stability  under  sub-stoichiometric 
oxygen  conditions  may  be  an  effective  predictor  of  POHC  relative 
incinerability. 

A  recent  study  compared  the  incinerability  predictions  of  several 
proposed  POHC  ranking  methods  with  results  of  10  pilot  or  full-scale  test 
burns.  16]  The  ranking  methods  include  heat  of  combustion,  autoignition 
temperature,  ignition  delay  time,  flame  failure  modes,  theoretical  flame 
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mode  kinetics,  thermal  stability  of  pure  compounds  under  excess  air 
conditions,  thermal  stability  of  mixtures  under  oxidative  conditions,  and 
thermal  stability  of  mixtures  under  oxygen-starved  conditions. 
Correlations  of  the  prediction  of  the  rankings  with  field  results  were  poor 
except  for  thermal  stability  of  mixtures  under  oxygen-starved  conditions. 
Although  the  laboratory  data  base  used  to  predict  full-scale  POHC  DREs 
were  very  limited,  statistically  significant  correlations  in  7  of  10  cases 
were  observed  using  this  ranking  approach.  The  results  of  this  comparison 
along  with  theoretical  considerations  suggest  that  pyrolysis  kinetics  may 
be  used  to  develop  relative  mass  emission  rate  estinnales  (i.e.  ranking  of 
incinerability).  Experimental  studies  have  recently  been  undertaken  to 
obtain  stability  data  for  Appendix  VIII  compounds  using  this  approach.  [7] 

POHC  STABILITY 

In  most  general  terms,  the  decomposition  of  a  molecule  can  be 
initiated  by  either  radical  attack  (i.e.,  bimolecular  pathway)  or  by  an 
internal  redistribution  of  energy  such  that  the  molecule  decomposes  or 
rean'anges  (i.e.,  unimolecular  pathway). 

Unimalecular  reactions  can  be  further  subclassified  into  bond 
homolysis,  which  involves  breaking  of  the  weakest  bond,  and  concerted 
elimination,  which  Involves  an  internal  rearrangement  and  elimination  of  a 
stable  species  such  as  HCl,  H20,  or  C02.  [8] 

An  example  of  bond  homolysis  is  carbon-chlorine  bond  rupture  in 
carbon  tetrachloride  by  reaction  1. 


Ci 

?  'CDj  +  Q  (rxn.  I ) 

cj'^aNa 


This  reaction  involves  breaking  of  a  relatively  low  energy  bond  of 
approxiiTialely  70  kcal/mole.  Other  Appendix  Vlll  organics  such  as  nitroqly- 
cerine,  tetranitrornethane,  hydrazine,  methyl  hydrazi'ne,  l,l,dimetliylhydra- 
zlne  are  documented  to  proceed  by  bond  homolysis.  Many  other  compounds 
such  as  difluorodichloromethane,  hexachloroethane,  and  benzenethiol  are 
expected  to  decompose  largely  by  bond  homolysis. 

Concerted  eliminations  largely  fall  into  two  categories,  four  center 
processes  and  six-center  processes.  An  Interesting  example  of  a  four- 
center  process  is  the  decomposition  of  hexachlorocyciohexane  depicted  in 
reaction  2. 
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(rxn  2) 


This  pathwfiy  which  results  In  ethylene  and  trichlorobenzene  formation  is 
expected  to  have  a  very  low  activation  energy  of  about  55  kcal/mole. 
practically  any  organic  molecule  with  hydrogen  and  chlorine  atoms  on 
carbons  connected  by  a  single  bond  will  undergo  this  type  of  process.  Thus, 
species  such  as  1J-dich1oropropane,  2,2-dichloropropane;  and  1,1,1- 
trichloroethane  are  known  to  undergo  this  process.  Many  other  Appendix  VIII 
organics  are  suspected  of  decomposing  through  this  pathway. 

The  best  documented  examples  of  molecules  undergoing  six  -center 
concerted  elimination  are  secondary  esters.  An  example  of  this  process  is 
the  decomposition  of  diethyl  phthalate  shown  in  reaction  3. 


These  reactions  have  activation  energies  on  the  order  of  45-50  kcal/mole 
and  are  consequently  very  fast.  Almost  all  of  the  phthalates  listed  in 
Appendix  VI II  can  decompose  by  this  mechanism  and  are  consequently 
considered  quite  fragile.  Other  classes  of  molecules  are  isoelectronic  with 
organic  esters  and  are  suspected  of  proceeding  by  similar  pathways.  These 
types  of  compounds  include  phosphoric  acid  esters,  sulfonates,  some 
amides,  and  thioesters. 

Other  compounds  may  undergo  more  rare  three-center  processes.  The 
best  documented  example  of  a  possible  three-center  decomposition  of  an 
Appendix  VI II  molecule  is  the  decomposition  of  chloroform  shown  in 


reaction  4 


CHCI, 


H - Cl 

a  a 


-COj  + 


HCI 


(rxn.  4) 
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Bimolecular  reaction  pathways  involving  radical  attack  may  be 
largely  subdivided  into  three  classes;  atom  metathesis,  electrophilic 
addition,  and  displacement.  An  example  of  an  Appendix  V!ll  organic 
suspected  of  decomposing  by  simple  hydrogen  abstraction  is 
trichloroethylene,  (see  rxn.  5) 


CK 


C»iC‘ 


♦HjO 


U  Xh.  Z)} 


The  radical  initiating  the  abstraction  may  in  principle  be  any  number  of 
species:  but,  under  oxidative  conditions,  the  hydroxyl  radical  is  suspected  of 
being  the  dominant  reactive  radical.  Hydrogen  atoms  and  chlorine  atoms  are 
suspected  of  playing  a  larger  role  under  pyrolytic  conditions.  Some  possible 
pathways  may  be  eliminated  on  thermodynamic  grounds.  Halogenated  alkyls 
(that  cannot  undergo  bond  homolysis  or  concerted  elimination)  may 
decompose  by  this  mechanism. 

Displacement  reactions  largely  involve  the  substitutions  of  one 
radical  for  another.  An  example  would  be  the  displacement  of  a  chlorine 
atom  by  a  hydrogen  atom  in  o-dichlorobenzene  (see  rxn.  6). 


The  rale  of  this  reaction  would  increase  with  increasing  chlorine 
substitution.  In  the  case  of  chlorobenzenes,  if  displacement  by  hydrogen 
atoms  dominates  over  addition  or  abstraction  by  hydroxyl  radical,  the' 
relative  incinerability  rankings  would  be  reversed  from  that  predicted  from 
a  mechanism  based  on  hydroxyl  radical  attack. 

PIC  FORMATION  MECHANISMS 


From  a  purely  chemical  reaction  kinetic  viewpoint,  one  may  classify 
known  mechanisms  of  PIC  forrnatiun  into  three  general  groups;  1)  concerted 
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molecular  eliminations,  2)  radical-molecule  reactions,  and  3)  radical-atom 
or  radical-radical  recombination  reactions.  As  illustrated  in  Table  1,  these 
mechanisms  occur  in  different  regions  of  the  incinerator  and  can  result  in 
PICs  of  different  structure  and  stability.  Consequently,  the  nature  of  PICs 
formed  and  their  potential  destruction  will  be  dependent  on  the  different 
exposure  conditions.  The  reaction  rates  for  PIC  formation  processes 
increase  from  zero-  to  second-order  in  the  radical  concentration  as  one 
proceeds  from  mechanism  I'to  mechanism  3.  Thus,  stoichiometry  and 
Hlernerital  composition  of  the  waste/fuel  feed  may  significantly  impact  PiC 
yields  for  radical-molecule  and  radical-radical  reaction  pathways. 


TABLE  1 

DESCRIPTION  OF  HAZARDOUS  WASTE  INCINERATOR  PIC  FORMATION 
ZONES  AND  DOMINANT  PIC  FORMATION  MECHANISMS 


ZONE 

REACTION  CONDITIONS 

PIC  MECHANISMS^ 

Preflame  Zone 

T=  200-1 00(rC 

Mechanism  lt> 

R.T.  <  1  s 

Mechanism  2*^ 

[021=0-50%  EA^ 

Mechanism  3^ 

Flame  Zone 

T=i  000-1  socrc 

Mechanism  2 

R.T.<1  s 

Mechanism  1 

[021=50%  EA^ 

Mechanism  3 

Poslfiame  Zone 

T=  600-1  lOO^C 

Mechanism  2 

(afterburner) 

P..T.=  1-3  s 

Mechanism  1 

[021=50-100%  EA^ 

Mechanism  3 

Cool  Zone 

T=80-600^C 

Mechanism  3 

(APCD  and  sfeck) 

R.T.  =  2-20  s 

[021=3-9% 

•■^PIC  forrriation  rnectiariisms  listed  in  decreasing  order  of  importance. 
-Concerted  n'tolecularelirriination  reactions. 

^Radlc3.l-molecule  reactions. 

^Fiadical-atom  or  radical-radical  recombination  reactions. 

^.Average  values;  localized  deviations  due  to  poor  mixing  can  result  in  pyrolytic 
conditions. 


5B-7 


Concerted  molecular  elimination  to  form  stable  PICs  is  a  subclass  of 
unimolecular  reactions,  viz.,  reactions  only  involving  the  parent  compound. 
Since  a  second  molecule  or  radical  is  not  involved  in  the  reaction,  the  PIC 
yield  is  dependent  only  upon  time,  temperature  and  the  Arrhenius 
parameters  of  the  molecular  elimination  reaction: 


^PIC  YIELD  =  IPIO/IPOHC]  X  100  =  100[l-exp{-At  exp  {-Ea/RT)}]  (Eqn.  I) 

where.  (POHCl  =concentration  of  the  parent  POHC;  [PIC]  = 
concentration  of  the  PIC;  t  =  reaction  time;  A  =  Arrhenius  coefficient 
for  the  reaction,  Ea  =  the  activation  energy  for  the  reaction;  T  =  the 
reaction  temperature;  and  R  =  the  universal  gas  constant. 

Kinetic  parameters  for  many  reactions  of  this  type  have  been  tabulated.  [8] 
The  reaction  rates  for  these  molecules  are  all  energetically  favorable  under 
incineration  conditions  with  an  extent  of  reaction  greater  than  99S  at 
temperatures  below  700  C.  Because  these  PIC  formation  pathways  occur  so 
rapidly,  the  resultant  PIC  can  experience  almost  the  full  gas-phase 
residence  ttme  experienced  by  the  parent  POHC.  Thus,  PICs  produced  by 
molecular  elimination  may  undergo  decomposition  resulting  in  secondaVy 
PIC  formation,  or  the  reaction  may  proceed  to  the  formation  of 
thermodynamically  stable  combustion  products. 

Examples  of  bimolecular  reactions  that  result  in  stable  PIC  formation 
are  radical-molecule  reactions.  Once,  the  decomposition  of  the  parent  POHC 
is  initiated  and  a  pool  of  reactive  radicals  is  formed,  radical -molecule 
reactions  will  usually  be  the  dominant  pathway  for  PIC  formation. 

Hydroxy]  (OH)  radicals  are  the  dominant  reactive  species  under 
stoichiometric  and  oxidative  conditions,  while  H  atoms  are  the  dominant 
reactive  species  under  pyrolytic  conditions.  In  addition,  polyatomic  organic 
radicals  are  also  believed  to  play  an  important  role  in  the  formation  of^PICs 
that  are  of  higher  molecular  weight  than  the  parent  compound. 

Figure  1  illustrates  the  formation  of  several  of  the  major  products 
from  the  decomposition  of  chloroform  (CHC13)  under  50^  excess  air 
conditions.  Of  particular  interest  is  the  formation  hexachlorobenzene 
(CuCIB)  which  is  stable  at  high  temperatures  and  is  formed  in  percent 
yields.  A  mechanism  has  been  proposed  where  CHC13  rapidly  forms  C2HC15, 
which  decomposes  to  produce  C2C14  and  trichloroethene  (C2HC13).  [9]  This' 
IS  followed  by  a  radical-molecule  mechanism  resulting  in  the  formation  of 
L6C16  from  C2HC13  through  experimentally  observed  intermediates  such  as 
dichloroacetylene  (C2C12)  and  i,3~hexachlorobuladiene  (C4C16). 

It  should  be  recognized  that  since  the  rate  of  PiC  formation  is 
dependent  on  the  concentration  of  both  the  radical  and  molecule  reaction 
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partners,  the  observed  PIC  yield  will  generally  increase  with  increasing 
waste  feed  rate.  It  is  also  important  to  note  that  many  reaction  steps  may 
be  required  for  the  formation  of  given  PIC,  e.g.  C6C16.  Thus,  the  high- 
temperature,  gas-phase  residence  time  may  be  very  short  for  such  PICs,  and 
their  DE  be  much  less  than  expected  based  on  the  full  residence  time  in  the 
incinerator.  This  is  in  contrast  to  PICs  formed  by  concerted  molecular 
elimination  and  suggests  that  for  identical  PIC  formation  yields  for  these 
pathways,  the  radical-molecule  route  will  result  in  greater  PIC  emission 
rates. 


Recombination  reactions  of  radicals  or  atoms  to  form  stable 
molecules  are  expected  to  occur  only  when  molecule  concentrations  are  very 
low  or  radical  concentrations  are  high.  These  reaction  rates  are  second 
order  with  respect  to  radical  concentration  and  are  temperature  independent 
or  exhibit  small  negative  temperature  dependencies.  Since  radical 
concentrations  in  the  combustion  zone  are  at  least  a  factor  of  100  times 
less  than  stable  molecule  concentrations,  it  can  be  shov/n  that  the  overall 
forward  reaction  rate  for  radical-molecule  reactions  are  typically  greater 
than  50  times  the  radical-radical  reaction  rates  at  temperatures  in  excess 
of  1200  C.  At  lower  temperatures,  e.g.  dOO  C,  due  to  the  higher  activation 
enerou  for  the  radical-molecular  reactions,  the  ratio  of  rates  decreases  to 
about  10.  Since  product  distributions  are  exponentially  dependent  on  the 
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reaction  rate,  radical-molecule  reactions  are  clearly  kinetically  favored 
routes  as  compare  to  recombination  reactions  at  temperature  greater  the 
600  C. 

Once  in  the  cool  zone,  temperatures  may  be  sufficiently  low  that 
redicel-molecule  reactions  with  stable  combustion  endproducts  now  present 
in  high  concentrations,  e.g.  C02,  H20,  and  HCl,  occur  at  a  much  slower  rate. 
As  a  re.sult,  radical-radical  recombination  routes  may  no¥/  become 
kinetically  significant.  If  the' temperature  is  rapidly  quenched  downstream 
of  the  post-flame  zone,  the  concentrations  of  these  radicals  may  be 
predicted  from  equilibrium  calculations  at  the  temperature  lust  upstream 
of  the  quenching  boundary.  With  this  information,  the  recombination  product 
concentrations  downstream  of  the  quenching  boundary  can  be  generally 
related  to  the  predicted  radical  concentrations.  Once  formed,  these 
molecules  are  not  subjected  to  high  temperatures  and  may  exit  the 
incinerator  undestroyed. 

SPECIFIC  EXAMPLES  FOR  THE  BASIN  F  LIQUID 

Several  specific  examples  have  been  selected  for  more  detailed 
discussion  of  their  origin  and  fate  for  the  Basin  F  liquid.  These  compounds 
were  selected  to  be  of  interest  due  to  3  factors;  toxicity,  high  predicted 
relative  mass  emission  rate,  and  prevalence  in  emissions  from  other 
incinerators  A  brief  discussion  of  the  organic  mass  emissions  estimate 
follows. 

Hexachlorobenzene  -  Once  formed,  hexachlorobenzene  is  expected  to 
be  a  very  stable  compound  due  to  its  resistance  to  oxidative  attack  by 
hydroxyl  radical.  [4]  It  has  also  been  shown  to  be  formed  from  the  thermal 
degradation  of  chloroform,  carbon  tetrachloride,  and  tetrachloroethene  in 
laboratory  studies  i8,9]  A  simple  mechanism  for  its  formation  from 
chloroform  was  delineated  In  the  previous  paragraphs  of  this  report.  The 
highly  chlorinated  pesticides  Aldrln,  Dieldrin,  Endrin,  hexachlorocyclo- 
pentadiene  ,  and  Isodrin  are  expected  to  form  hexachlorobenzene  in  moderate 
yields  from  a  primarily  unimolecular  mechanism. 

Penta-,  telra-,  tri-.  and  di-chlorinated  benzenes  -  The  chlorobenzenes 
are  formed  primarily  through  the  same  mechanisms  as  hexachlorobenzene. 
The  hexachlorobenzene  initially  formed  is  successively  dechlorinated  by  the 
favorable  displacement  of  chlorine  by  hydrogen  atoms.  For  trichlorobenzene 
and  dichlorobenzene,  additional  routes  for  formation  are  available  from 
molecular  growth  pathways  from  1,1-dichloroetherie  and  1,2- 
dichloroethene. 

Vinul  Chloride  -  Vinyl  chloride  is  expected  to  be  formed  from  a 
number  of  the  waste  feed  components  in  relatively  low  yields.  It  is  most 
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readily  formed  from  1,1-dichlorelhene  and  1,2-dichloroethene  by  chlorine 
displacement  by  hydrogen  atoms. 

Acetonitrile  and  Acrulonitrile  -  The  stability  of  the  nitrile  radical  is 
expected  to  be  largely  responsible  for  the  formation  of  these  compounds. 

The  nitrile  radical,  which  can  be  liberated  by  hydrogen  abstraction  from 
hydrogen  cyanide,  can  readily  recombine  with  methyl  radicals  or  vinyl 
radicals  in  tne  cool  zones  of  the  incinerator  to  form  acetonitrile  and 
ecniinniTriiR  resnectivelu. 

Benzene  -  Benzene  has  been  shown  to  be  very  stable  under  pyrolytic 
conditions.  [71  Its  estimated  stability  as  a  POHC  was  determined  using 
actual  laboratory  data.  Because  of  its  kinetic  and  thermodynamic  stability, 
it  can  be  readily  formed  as  a  PIC  from  many  sources.  Its  major  route  of 
formation  in  the  waste  is  expected  to  be  via  a  displacement  reaction  of 
vinyl,  methyl,  chloro  and  other  substituent  groups  by  hydrogen  atoms  from 
species  such  as  styrene,  toluene,  xylene,  chlorobenzene  etc.  In  addition,  a 
relatively  large  yield  by  unspecified  pathways  has  been  included  for 
formation  from  the  organic  waste  matrix.  Mechanisms  for  its  formation  via 
molecular  growth  pathways  which  are  generally  analogous  to  that 
previously  described  for  hexachlorobenzene  can  result  in  benzene  formation 
from  simple  aliphatic  and  olefinic  hydrocarbons.  The  yield  used  for  this 
estimate  is  based  on  yields  and  mass  emission  rates  found  in  full  scale 
incineration  studies.  11,10] 

Chlorobenzene  -  The  emission  of  chlorobenzene  is  predicted  based  on 
Its  stability  as  a  POHC  and  potential  for  formation  in  relatively  low  yields 
from  a  number  of  components  of  this  waste  stream.  The  pesticides  Supona, 
DDE,  and  DDT  are  expected  to  form  chlorobenzene  in  high  yields  by  simple 
displacement  reactions  of  substuent  groups  by  hydrogen  atoms  to  directly 
form  chlorobenzene.  The  only  available  mode  for  its  destruction  under 
oxygen  starved  conditions  is  chlorine  displacement  by  hydrogen  atoms  which 
is  very  slow.  The  predicted  stability  is  based  on  laboratory  data.(7) 

1  1 -Dichloroethene  -  From  laboratory  studies,  1,1-dichloroethene  is 
known  to  form  from  the  thermal  degradation  of  methylene  chloride, 
letrachloroethene,  and  trichloroethylene.  It  is  also  expected  to  be  readily 
formed  from  Aldrin,  Dieldrin,  and  Endrin.  However,  once  formed  it  is  not 
expected  to  be  particularly  stable.  Its  low  pridected  DE  is  primarily  due  to 
its  very  low  feed  rate  in  combination  with  a  moderated  PIC  yield. 

Bromomethane  -  AH  bonds  in  bromomethane  are  relatively  strong  and 
its  is  generally  resistant  to  radical  attack.  Its  emission  is  primarily  due  to 
Its  thermally  refractive  nature. 

Tetrachloroethene  -  This  compound  has  been  previously  obsen^ed  in 
laboralory  studies  of  the  thermal  degradation  of  carbon  tetrachloride  and 
chloroform  in  large  yields.  [9]  in  fact  it  is  the  major  product  from  these 
compounds,  and  once  formed  it  is  expected  to  be  very  difficult  to  destroy. 
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Toluene  -  Toluene  is  a  readily  formed  PiC  from  a  variety  of 
compounds,  its  mechanism  of  formation  is  similar  to  that  of  benzene  in 
that  it  is  expected  to  proceed  through  fast  molecular  growth  reactions.  In 
addition,  the  benzyl  radical  is  a  very  stable  radical  which  might  be  expected 
to  survive  the  combustion  zones  of  the  incinerator  and  form  toluene  in  the 
cool  zones  by  recombination  with  hydrogen  atoms.  Its  primary  mode  of 
formation  in  this  waste  stream  is  expected  to  be  very  fast,  favorable 
displacement  reactions  for  1,3-dimethylbenzene,  chlorobenzene, 
ethylbenzene,  and  xylene.  In  these  reactions  hydrogen  atoms  would  displace 
rnethy,  chloro,  ethyl,  and  vinyl  substituents  respectively. 

Carbon  Tetrachloride  -  Carbon  tetrachloride  is  a  relatively  fragile 
POHC.  Laboratory  studies  have  shown  that  it  is  decomposed  by  greater  than 
99.99%  DE  at  temperatures  below  900  C.  [7]  Consequently,  residual  POHC 
emissions  are  not  expected  for  this  or  any  other  moderately  well  operated 
incinerator  However,  the  tnchlorornethyl  radical  is  a  stable  radical  and 
can  recombine  with  chlorine  atoms  in  cool  zones  of  the  incinerator.  For  this 
waste  stream,  chloroform,  methylene  chloride,  and  tetrachloroethene  are 
expected  to  be  the  major  sources  of  carbon  tetrachloride.  Carbon 
tetrachloride  has  been  demonstrated  in  laboratory  studies  to  be  formed  in 
moderate  yields  from  the  thermal  degradation  of  both  chloroform  and 
tetrachloroethene. 

Acenaothalene,  Acenaphthene,  Fluoranthene.  Phenanthrene.  Purene. 
Fluorene.  Benzo-lal-purene,  Oibenzo-fai-Anthracene.  and  Chrysene  -  These 
nine  polynuclear  aromatic  hydrocarbons  (PNAs)  have  been  commonly 
observed  as  emissions  from  full  scale  hazardous  and  municipal  waste 
incinerators.  [1]  Their  formation  is  through  a  mechanism  similar  to  that 
described  for  benzene  (and  hexachlorobenzene)  and  generally  involves 
addition  of  substituted  vinyl  radicals  to  olefinic  substituents  on  already 
formed  aromatics.  These  are  complex  mechanisms  and  it  is  difficult  to 
predict  their  yields  accurately.  As  a  result  yields  and  mass  emission  rate 
w'ere  based  on  full  scale  emission  measurements  and  general  principals  of 
reaction  kinetics.  11,7,101  The  emission  estimates  for  benzo-la]-pyrene, 
dibenzo-fal-anthracene,  and  chrysene  are  worst  case  estimates  based  on 
measured  emission  data  of  other  PNAs,  but  are  included  because  of  their 
relatively  high  carcinogenicity. 

EMISSION  MEASUREMENTS  AT  FULL  SCALE  INCINERATORS 

Full  scale  incinerator  emissions  measurements  have  resulted  in 
measured  PIC  to  POHC  emission  ratios  of  1:1  to  3:1.  Commonly  observed 
PICs  have  been  chloroform,  carbon  tetrachloride,  brornoform,  other 
brominated  and  chlorinated  methanes,  trichloroethane,  trichloroethylene, 
and  various  phthalates,  benzene,  and  toluene.  [1]  The  emissions  of  such 
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compounds  as  chloroform,  bromoform,  1  JJ-trichloroelhane  and  diethyl 
phthalte  appear  puzzling  at  first  because  they  are  all  known  to  be  very 
fragile  materials.  However,  the  emissions  of  brominated  compounds  from 
incinerators  which  are  not  reported  as  burning  brominated  wastes  is  very 
suggestive  of  an  alternative  source  of  introduction  of  these  pollutants. 

In  fact,  it  has  been  shown  that  many  of  these  halogenated  compounds 
are  commonly  found  as  contaminants  in  the  scrubber  inlet  water.  (1]  Since 
they  are  very  volatile,  they  can  be  volatilized  by  hot  combustion  gases  and 
stripped  into  the  flue  gas.  Trenholm  has  shown  that  in  many  cases  the 
quantities  of  these  compounds  in  the  scrubber  inlet  water  can  account  for 
all  of  the  observed  emissions.  Phthalates  are  common  plasticizers  and  can 
be  easily  introduced  as  sampling  or  analysis  artifacts.  They  have  been 
apparently  anamolously  observed  air  pollution  studies.  [10] 

Since  it  appears  that  these  compounds  are  not  produced  in  the 
combustion  system,  they  have  not  been  included  in  the  emissions  estimate. 
Measurement  or  estimation  of  volatile  halocarbons  in  the  scrubber  water 
must  be  made  as  a  first  step  to  estimating  this  potential  source  of 
emissions. 
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Fooinoles  to  table  -  Estimate  oi  Organic  Emissions 


p  r 
u  .u. 


E. 


F. 

s. 


Compounds  and  feed  rate  furnisbed  by  R.F.  Weston 
Based  on  actuaJ  laboratory  generated  ej^peri mental  thermal 
decomposition  data  or  extrapolated  based  on  theory.  DE  (Thermal)  is 
the  destruction  efficiency  at  900  C  achieved  under  laboratory  non- 
flame  conditions  in  a  pyrolytic  atmosphere 


Based  on  the  assumption  that  oi  each  POHC  passes  through  the 
flame  and  is  completely  destroyed.  The  DE  of  the  remaining  1.^  which  is 
destroyed  in  the  post-flame  zone  is  assumed  to  be  equal  to  DE  (Thermal) 
Theoretical  DE  at  900C=  99.0000+0.0 1*DE(Thermal) 

Emission  Rate  of  POHC=Feed  Rate*(l -Theoretical  DE  at  900C.-M00) 
Emis.sion  Rate  as  PIC  is  based  on  the  data  included  in  the  PIC  estimate 
tables.  The  formation  of  each  POHC  as  a  PIC  from  every  other  POHC 
has  been  estimated.  Also  the  contribution  to  PIC  formation  of  poorly 
characterized  reactions  involving  the  waste  feed  as  a  whole  have  been 
ii'icluded.  Emission  rates  of  other  PiCs  have  also  been  included  at  the 


H. 


bottom  of  the  table. 

Emission  Rate  as  POHC  and  PIC=  Emission  Rate  POHC+Emission  Rate  PIC 
Effective  Theoretical  DE  of  P0HC=100*(1 -Emission  Rate  as  POHC  and 
PiC/Fesd  Rate) 


J.  Assumes  that  the  incinerator  achieves  99.99:?  DRE  for  the  POHC  which 
is  most  difficult  to  destroy.  Toluene  had  the  lowest  Effective 
Theoretical  DE  of  47.6756%  due  to  its  very  low  feed  rate  and  large 
propensity  for  PIC  formation  from  a  variety  of  compounds. 

Normalized  Emission  Rate=Emission  as  POHC  and  P1C^(0.000 1/0.52 1244) 

K.  Normalized  DE=  100*(1 -Normalized  Emission  Rate  as  POHC  and  PiC/ 

Feed  Rate) 
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Appendix  1 

Estimate  of  Organic  POHC  and  PIC 
Mass  Emission  Rates  from  the 
Incineration  of  Basin  F  Liquids 
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Footnotes  to  table  -  Estimate  of  Organic  Emissions 


B,C  Compounds  and  feed  rate  furnished  by  R.F.  Weston 

D.  Based  on  actual  laboratory  generated  experimental  thermal 
decomposition  data  or  extrapolated  based  on  theory.  DE  (Thermal)  is 
the  destruction  efficiency  at  900  C  achieved  under  laboratory  non- 
flarne  conditions  in  a  pyrolytic  atmosphere 

E.  Based  on  the  assumption  that  99^  of  each  POHC  passes  through  the 
flame  and  is  completely  destroyed.  The  DE  of  the  remaining  \%  which  is 
destroyed  in  the  post-flame  zone  is  assumed  to  be  equal  to  DE  (Thermal) 

Theoretical  DE  at  900C=  99.0000+0.0 1*DE(Thermal) 

F.  Emission  Rate  of  POHC=Feed  Rate*(l -Theoretical  DE  at  900C/ 100) 

G  Emission  Rate  as  PIC  is  based  on  the  data  included  in  the  PIC  estimate 
tables.  The  formation  of  each  POHC  as  a  PIC  from  every  other  POHC 
has  been  estimated.  Also  the  contribution  to  PIC  formation  of  poorly 
characterized  reactions  Involving  the  waste  feed  as  a  whole  have  been 
included.  Emission  rates  of  other  PlCs  have  also  been  included  at  the 
bottom  of  the  table. 

H.  Emission  Rate  as  POHC  and  PIC=  Emission  Rate  POHC+Emission  Rate  PIC 

I.  Effective  Theoretical  DE  of  P0HC=100*(1 -Emission  Rate  as  POHC  and 
PIC/Feed  Rate) 

J.  Assumes  that  the  incinerator  achieves  99.99SS  DRE  for  the  POHC  which 
is  most  difficult  to  destroy.  Toluene  had  the  lowest  Effective 
Theoretical  DE  of  47.8756%  due  to  its  very  low  feed  rate  and  large 
propensity  for  PIC  formation  from  a  variety  of  compounds. 

Normalized  Emission  Rate=Emission  as  POHC  and  PIC*(0.000 1/0.52 1244) 

K.  Normalized  DE=100*(1 -Normalized  Emission  Rate  as  POHC  and  PIC/ 

Feed  Rate) 
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Appendix  2 

Estirnate  of  PiC  Yields  for  the 
Incineration  of  Basin  F  Liquids 
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Feed  Rate 
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BHinMiia'iaw 


1  .l-Dichloroei1 .2-Dichloroe|  1 ,2- 


5  i Acetone 


6  iAmmonia 


7  :  Benzene 


8  ^Bromomethane 


9  iCar  Don  Tetrachloride 

10  iChiorobenzene 


1 1  ^Chloroform 


_ 

3  i  Methanol 


14  ^Methulene  Chloride 


i  iTetrachloroethene 


18  ^Toluene 


:  I  richloroethene 


iXulene 


1.7E+03 


2.6E-04 


4.3E-03i 

Tiz^osI 


7.5E-03! 


2.4E-03i 

i.4E+02i 


7.3E-03i 


6.8E-04 


1.3E-02i 


7.6E-03i 


22 

1 9  ;4-Ch!orophenylmethyl?ulfone 

3.9E-03 

23 

20  H-Chlorophenglrfiethuisuit'oxide _ _ 

4.9E-01 

ull. 

21  i4-Nitrophenoi 
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SECTION  1 
INTRODUCTION 


The  following  protocols  describe  the  ambient  air  quality  modeling  and  health  risk 
assessment  approach  that  will  be  used  to  establish  numeric  emission  limits  for  the 
Submerged  Quench  Incinerator  (SQI)  at  the  Rocky  Mountain  Arsenal  (RMA)  in  Denver, 
Co.  RMA  is  required  to  install  and  operate  the  SQI  to  destroy  the  Basin  F  liquids  currently 
stored  in  the  (3)  three  tanks  and  a  double  lined  pond  at  the  Arsenal.  The  action  is  part  of 
the  Interim  Remedial  Action  (IRA)  selected  to  treat  and  dispose  of  the  Basin  F  liquid. 
These  protocols  describe  the  method  to  be  used  to  establish  stack  gas  emission  limits  for 
the  incinerator  which  correspond  to  the  allowable  risk  level/hazard  index  (as  identified  in 
the  decision  document)  for  the  nearest  exposed  population.  The  protocols  are  based  on 
U.S.  EPA  guidelines  on  air  quality  modeling  and  risk  assessments  and  WESTON’s 
experience  gained  through  similar  work  assignments.  The  remaining  portion  of  Section  1 
presents  a  brief  facility  and  process  description.  Section  2  provides  a  description  of  the  air 
quality  models,  input  data,  and  modeling  approach  to  be  used  and  Section  3  provides  a 
description  of  the  health  risk  assessment  approach  and  methodology  for  contaminant 
identification,  toxicity  assessment,  and  exposure  assessment. 

1.1  FACILITY  LOCATION  AND  PROCESS  DESCRIPTION 

1.1.1  Facility  Description 

The  following  facility  description  is  a  summary  of  the  information  provided  in  the  Final 
Decision  Document  for  the  Basin  F  Liquid  Interim  Remedial  Action  (IRA).  Rocky 
Mountain  Arsenal  (RMA)  occupies  over  17,000  acres  (approximately  27  square  miles)  in 
Adams  County,  directly  northeast  of  metropolitan  Denver,  Colorado.  RMA  was  established 
in  1942  and  has  been  the  site  of  manufacture  of  chemical  incendiary  munitions  and  chemical 
munitions  demilitarization.  Agricultural  chemicals  including  pesticides  were  manufactured 
at  RMA  from  1947  to  1982. 
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In  1956,  an  evaporation  pond  called  Basin  F  was  constructed  in  the  nonhern  pan  of  RMA. 
Basin  F  had  a  surface  area  of  92.7  acres  and  a  capacity  of  approximately  243  million  gallons. 
From  August  1957  until  its  use  was  discontinued  in  December  1981,  Basin  F  was  the  only 
evaporative  disposal  facility  in  service  at  RMA. 

In  1986,  the  Department  of  the  Army,  Shell  Oil  Company,  and  the  U.S.  Environmental 
Protection  Agency  (EPA)  Region  Vill,  agreed  that  an  accelerated  remediation  be 
undertaken  pursuant  to  CERCLA  (Comprehensive  Environmental  Response,  Compensation 
and  Liability  Act)  to  contain  the  liquid  and  contaminated  soils  in  and  under  Basin  F.  In  a 
June  5,  1987  report  to  the  court,  the  Organizations  and  the  State  agreed  that  fourteen 
interim  actions,  including  the  Basin  FIRA,  were  necessary  to  expedite  the  cleanup  of  RMA. 

In  the  first  part  of  Basin  F  remediation.  Basin  F  liquid  was  transferred  to  three  lined  steel 
storage  tanks  and  to  one  double-lined  covered  pond.  Transfer  of  Basin  F  liquid  to  tanks 
and  Pond  A  for  interim  storage  was  initiated  in  May,  1988  and  completed  in  December 
1988.  Presently  approximately  4  million  gallons  of  liquid  are  stored  in  the  tank  farm  and 
4.5  million  gallons  are  stored  in  Pond  A. 

The  Army  has  selected  submerged  quench  incineration  (SQI)  to  thermally  treat  8.5  million 
gallons  of  stored  liquid  from  Basin  F  at  Rocky  Mountain  Arsenal  as  an  Interim  Remedial 
Action.  The  SQI  consists  of  a  feed  system  to  inject  the  Basin  F  liquid  into  the  incinerator; 
the  high  temperature  incinerator  with  a  quench  chamber  to  cool  the  gases  and  dissolve  the 
molten  salts  from  combustion;  a  spray  dryer;  and  associated  air  pollution  control  equipment. 

1.1.2  Process  Description 

The  submerged  quench  incineration  process  will  use  a  vertical  downfired  liquid  incinerator. 
The  liquid  to  be  incinerated  would  be  injected  at  the  top  of  the  furnace  into  a  gas  flame. 
Burning  the  liquid  at  high  temperature  (about  1,900 '  F)  is  expected  to  destroy  the  organic 
compounds  in  Basin  F  liquid.  After  incineration,  all  the  combustion  products  will  be  forced 
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downward  and  cooled  in  a  liquid  quench  tank,  to  aid  in  washing  out  particulates  and 
cleaning  the  exhaust  gases.  The  high  temperatures  will  melt  noncombustible  components 
of  the  Basin  F  liquid,  producing  molten  salts  which  will  flow  down  the  walls  of  the 
incinerator  and  also  be  cooled  in  a  quench  chamber.  The  exhaust  gases,  which  will  include 
a  mixture  of  combustion  byproducts  and  other  gases,  will  be  passed  through  air  pollution 
control  devices  which  include  a  venturi  scrubber  and  a  packed  tower.  The  brine  from  this 
process  may  be  disposed  of  offsite  as  a  liquid. 

Operation  of  the  submerged  quench  incineration  process  will  require  the  transportation  onto 
the  Arsenal  of  2,600  cubic  yards  per  year  of  sodium  hydroxide,  a  caustic  compound  used  in 
the  air  pollution  control  process.  The  submerged  quench  incineration  process  will  produce 
salts,  of  about  25  percent  of  the  original  volume  of  the  Basin  F  liquid.  These  salts  which 
contain  metals  ‘will  be  disposed  of  in  an  off-site  hazardous  waste  landfill. 

12  PHYSICAL  EMISSION  CHARACTERISTICS 

The  physical  emission  characteristics  of  the  submerged  quench  incinerator  have  not  been 
finalized  at  this  time.  The  incinerator  will  be  designed  and  operated  to  meet  the  RCRA 
incinerator  requirements  which  are  presented  in  Table  1-1.  The  trial  burn  will  be  required 
to  demonstrate  the  ability  of  the  incinerator  to  achieve  the  performance  requirements 
outlined  in  the  Final  Decision  Document(May,  1990). 

1.3  GOOD  ENGINEERING  PRACTICE  ANALYSIS 

Section  123  of  the  Clean  Air  Act  defines  Good  Engineering  Practice  (GEP),  with  respect 
to  stack  heights,  as  "the  height  necessary  to  ensure  that  emissions  from  the  stack  do  not 
result  in  excessive  concentrations  of  any  pollutant  in  the  immediate  vicinity  of  the  source 
as  a  result  of  atmospheric  downwash,  eddies  or  wakes  which  may  be  created  by  the  source 
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Table  1-1 


RCRA  Inciflerator  Requirements* 


Destruction  and  Removal  Efficiencies 

Dioxin  and  Dibenzofurans 
Polychlorinated  Biphenyls 
All  other  Organic  Compounds 

Particulates  Emissions 


Hydrogen  Chloride  Emissions 


99.9999% 

99.9999% 

99.99% 


0.08  grains 

per  dry  standard  cubic  ft. 
@  7%  O2 

1.8  kg/hour 
4.0  Ib/hour 


*  40  CFR  264.343  (Performance  Standards) 
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itself,  nearby  structures  or  nearby  terrain  obstacles."  For  this  analysis,  40  CFR  51.1(ii) 
defines  nearby  as  "that  distance  up  to  five  times  the  lesser  of  the  height  or  the  (projected) 

width  dimension  of  a  structure,  but  not  greater  than  0.8  km  ...  . 


"According  to  40  CFR  51.1(ii),  GEP  stack  height  means  the  greater  of  the  following  3 
factors. 

1.  65  meters,  measured  from  the  ground-level  elevation  at  the  base  of  the  stack, 

2.  For  stacks  in  existence  after  January  12,  1979, 

Hg  =  H  +  1.5  L 

Where: 

Hg  =  GEP  stack  height 

H  =  height  of  nearby  structure(s)  measured  from  the  ground  level  elevation 
at  the  base  of  the  stack. 

L  =  lesser  of  height  or  projected  width  of  nearby  structures. 

3.  The  height  demonstrated  by  fluid  model  or  field  study  which  satisfies  the 
definition  of  GEP  in  Section  123  of  the  Clean  Air  Act. 

This  GEP  stack  height  analysis  will  be  based  upon  the  EPA  (1985)  guideline  document. 
The  GEP  determination  will  be  made  for  each  building,  and  then  the  stack  will  be 
associated  with  the  nearby  building  which  would  result  in  the  greatest  GEP.  The  stack 
height  for  the  SQI  has  not  been  specified  at  this  time.  When  the  stack  height  is  finalized 
the  GEP  analysis  described  above  will  be  performed  to  determine  if  building  downwash  of 
the  stack  gases  could  occur  and  if  building  downwash  effects  will  be  incorporated  into  the 
modeling  analyses. 
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SECTION  2 

AIR  QUALITY  MODELING  PROTOCOL 


2.1  MODEL  SELECTION 

Models  to  be  used  as  input  to  the  exposure  assessment  and  establishment  of  numerical 
limits  for  the  incinerator  will  be  EPA-approved  UNAMAP  Version  VI  dispersion  models 
and  an  enhanced  version  of  a  UNAMAP  model  which  calculates  dry  and  wet  deposition. 
Tbe  procedures  used  in  executing  the  models  will  follow  those  outlined  in  EPA’s  Guideline 
on  Air  Quality  Models  (Revised)  (1986a,  1987a). 

A  preliminary  review  of  the  geographical  setting  and  a  review  of  the  land  use  pattern  near 
the  Rocky  Mountain  Arsenal  was  conducted  to  classify  land  use  for  modeling  purposes, 
according  to  the  method  of  Auer  (1978;  copy  attached).  The  preliminary  review  was  based 
on  inspection  of  the  typographic  maps  of  the  SQI  incinerator  location  out  to  3  km.  Based 
on  their  approximate  evaluation,  it  was  determined  that  greater  than  50%  of  land  use  was 
rural.  Therefore,  models  which  include  rural  dispersion  coefficients  will  be  used  to  assess 
the  air  quality  impact  of  the  facility. 

Furthermore,  it  is  expected  that  there  will  be  no  areas  near  the  arsenal  where  the  terrain 
elevation  exceeds  stack  top.  As  a  result,  a  USEPA  UNAMAP  Version  VI,  rural  flat  terrain 
model  was  selected  for  the  air  quality  modeling  analysis  for  inhalable  concentration 
calculations  and  a  WESTON  modified  version  of  the  ISCST  model  (WESTDEP)  was 
selected  for  wet,  dry,  and  total  deposition  calculations.  Each  of  these  models  are  described 
in  the  following  subsections. 

2.1.1  Model  for  Inhalable  Concentrations 

The  Industrial  Source  Complex  (ISC)  model  is  a  steady-state  Gaussian  plume  model  which 
can  be  sued  to  assess  airborne  pollutant  concentrations  from  a  wide  variety  of  sources.  The 
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ISC  model  is  part  of  EPA’s  UNAMAP  VI  series  models  (EPA,  1986b)  and  consists  of  a 
short-tenn  (ISCST)  and  a  long-term  (ISCLT)  module.  It  is  listed  as  an  EPA-approved 
"Appendix  A"  model. 

The  ISCST  model  will  be  used  to  calculate  l-hour,  3-hour,  8-hour,  24-hour,  and  annual  air 
concentrations  from  the  facility  at  receptors  no  higher  than  the  stack  height  plus  its  base 
elevation.  Receptor  elevations  higher  than  this  are  treated  by  the  model  as  elevations  equal 
to  stack  height  plus  base  elevation.  If  the  proposed  stack  height  is  less  than  the  formula 
GEP  stack  height,  building  wake-effect  induced  downwash  will  be  accounted  for  in  the 
model  otherwise  no  downwash  effects  will  be  evaluated. 

2.1.2  Model  for  Deposition 

The  two  major  mechanisms  for  the  accumulation  of  materials  in  surface  soils  and  in  surface 
water  are  wet  and  dry  deposition.  No  EPA-approved  model  or  modeling  techniques 
currently  exist  which  appropriately  calculate  both  dry  and  wet  deposition  due  to  source 
emissions.  WESTON  has  modified  the  EPA  ISCST  model  to  calculate  wet,  and  total  dry 
deposition  as  suggested  in  EPA  guidance  (EPA  1986c).  A  discussion  of  the  WESTON 
approach  to  model  these  processes  is  included  below. 

2.12.1  Diy  Deposition 

Dry  deposition  is  driven  by  atmospheric  processes,  the  properties  of  the  surfaces  upon  which 
materials  deposit,  and  the  properties  of  the  particles  being  deposited.  Previous  studies  of 
dry  deposition  have  used  only  gravitational  settling  velocities  to  remove  particles  from  the 
atmosphere.  In  particular,  the  EPA’s  Industrial  Source  Complex  (ISC)  model,  which 
contains  a  gravitational  algorithm,  has  been  used  in  the  past  to  calculate  dry  deposition. 
However,  this  model  generally  could  not  account  for  the  properties  of  the  particles 
deposited,  the  properties  which  effect  dry  deposition,  or  hourly  meteorological  effects  other 
than  stability. 
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Work  by  Sehmel  and  Hodgsen  (1978)  has  resulted  in  a  parameterization  of  the  dry 
deposition  process  which  takes  more  fully  into  account  hourly  meteorological  conditions 
(e,g.,  wind  speed,  stability,  etc.),  particle  properties  (e.g.,  density,  size)  and  the  surface 
properties  (e.g.,  surface  roughness)  upon  which  material  is  dry  deposited. 

The  basic  approach  to  dry  deposition  involves  calculation  of  the  ambient  ground  level 
concentration  and  the  deposition  velocity.  The  deposition  flux  is  given  by: 

-F  =  V/  X, 

Where: 

-F  =  downward  flux  of  material  (dry  deposition). 

Vj  =  the  deposition  velocity. 

Xj  =  is  the  ambient  concentration  for  pollutant  i. 

Therefore,  if  an  estimate  of  the  deposition  velocity  and  the  ambient  concentrations  for  a 
pollutant  can  be  made,  then  the  dry  deposition  flux  can  be  calculated.  Ransieri  and  Croes 
of  the  California  Air  Resources  Board  (CARB)  have  developed  computer  algorithms  based 
on  Sehmel  and  Hodgsen’s  work  which  provide  hourly  values  of  dry  deposition  velocity  using 
pre-processed  meteorological  data  which  can  be  obtained  using  the  EPA  preprocessor 
program. 

WESTON  has  modified  the  EPA  UNAMAP  Version  VI  of  the  ISCST  model  to  incorporate 
the  CARB  algorithms  to  calculate  dry  deposition  and  renamed  the  model  WESTDEP.  The 
WESTDEP  model  calculates  hourly  ambient  ground-level  pollutant  concentrations  as  well 
as  hourly  deposition  velocities  to  predict  the  dry  deposition  flux  at  each  receptor.  The 
model  is  conservative  in  that  no  plume  depletion  is  assumed  so  that  the  computed  air 
concentration  and  deposition  rates  represent  the  upper  bound  limit  values.  The  WESTDEP 
model  allows  for  building  wake  effects,  terrain  adjustments,  and  incorporates  a  separate 
surface  roughness  coefficient  (z^)  for  each  receptor.  Source  information  required  for  the 
model  include: 
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•  Source  emission  parameters: 

•  Stack  height; 

•  Stack  gas  velocity; 

•  Stack  gas  temperature;  ' 

•  Pollutant  emission  rate; 

•  Building  dimensions  (for  wake  effects  options); 

•  Mass  particle  size  distribution. 

•  Particle  density,  by  size  (2  grams/cm^  will  be  used  for  all  particle  sizes). 

The  particle  size  distribution  used  in  the  modeling  will  be  based  on  specification,  design  and 
control  efficiency  of  the  selected  air  position  control  equipment  for  the  incinerator. 
Meteorological  information  required  is  provided  by  the  standard  UNAMAP  meteorological 
preprocessor  file.  In  addition,  a  value  for  the  surface  roughness  coefficient  (Z^)  must  be 
supplied  for  each  receptor.  Based  upon  the  typical  land  use  around  the  RA,  a  Z^will  be 
conservatively  selected  and  used  in  the  air  quality  modeling  to  represent  the  impact  area. 
WESTDEP  model  output  includes  annual  average  pollutant  concentration  at  each  receptor, 
total  annual  dry  deposition  at  each  receptor,  and  average  annual  dry  deposition  velocity  at 
each  receptor. 

2.1,2,2  Wet  Deposition 

The  wet  deposition  process  involves  removal  of  particles  via  precipitation.  Currently,  no 
widely  accepted  wet  deposition  models  are  available.  Several  studies  have  developed 
mechanisms  for  removal  of  particles  from  the  atmosphere  during  precipitation  events. 
These  studies  assume  that  particle  washout  or  scavenging  is  proportional  to  the  mass  of  the 
plume  exposed  to  the  precipitation  event,  the  intensity  and  duration  of  the  event,  and  the 
size  distribution  of  the  particles  in  the  plume,  (Radke  et  al.,  1980,  Scire  and  Lurman,  1983). 

The  scavenging  coefficients  which  have  developed  in  these  studies  are  themselves  based  on 
a  very  limited  number  of  original  studies  and  are  generally  related  to  removal  of  sulfate 
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aerosols.  For  example,  the  work  of  Scier  and  LAinnan  is  for  sulfate  and  nitrate  aerosols. 
Radke  et  al.  included  measurements  in  power  plant,  pulp  and  paper  boilers  and  volcanic 
plumes  which  all  have  large  concentrations  of  sulfate  aerosols.  Since  these  aerosols  are 
hygroscopic,  i.e.,  they  have  a  great  affinity  for  absorbing  water  in  the  air,  it  is  likely  that 
scavenging  coefficients  based  on  these  sources  will  be  higher  than  for  other  less  water- 
soluble  species  such  as  the  pollutants  emitted  by  the  facility.  Unfortunately,  there  is  no 
quantifiable  data  available  upon  which  to  base  a  more  reasonable  scavenging  coefficient. 
Therefore,  the  scavenging  coefficients  used  in  the  WESTDEP  model  are  conservative  and 
provide  an  upper  bound  on  the  amount  of  wet  deposition  likely  to  occur  in  the  area  of  the 
RMA. 

The  EPA  (EPA,  1986c)  has  developed  an  algorithm  which  uses  scavenging  coefficients  to 
calculate  wet  deposition  based  on  the  work  of  Bowman  (1987),  and  Radke  (1980).  The 
algorithm  developed  includes  particle  size  and  rainfall  intensity  dependent  washout 
coefficients  to  calculate  wet  deposition.  Table  2-1  includes  the  scavenging  coefficients  that 
will  be  used  in  the  modeling  analysis.  The  algorithm  is  based  on  the  mass  of  pollutants  in 
a  vertical  column  of  air  which  extends  from  the  bottom  to  the  top  of  the  plume.  WESTON 
has  integrated  this  algorithm  into  the  WESTDEP  model  in  order  to  conservatively  calculate 
wet  deposition  due  to  precipitation  events. 

In  order  to  compute  wet  deposition,  the  same  mformation  used  for  the  dry  deposition 
calculation  is  required  (i.e.,  source  emission  characteristics  and  hour-by-hour  meteorology). 
In  addition,  rainfall  intensity  and  rainfall  type  (e.g.,  thunderstorm,  showers,  steady 
precipitation)  is  also  needed.  Furthermore,  the  WESTDEP  model  has  been  modified  to 
compute  dry  deposition  only  when  no  wet  deposition  i.e.,  no  rainfall  is  occurring. 

The  WESTDEP  model  has  been  approved  for  use  in  the  preparation  of  numerous  health 
risk  assessments  for  hazardous  waste  incinerators  and  resource  recovery  facilities  in 
Kentucky,  Maryland,  Michigan,  Minnesota,  New  Jersey,  Pennsylvania,  and  Rhode  Island. 
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Therefore,  the  wet  and  dry  algorithms,  which  are  now  a  part  of  the  WESTON  modified 
EPA  ISC  model  (WESTDEP)  enable  WESTON  to  predict  total  deposition  due  to  emissions 
from  specific  facilities  for  use  in  multipathway  risk  assessments. 

22  MODET.  INPUT  DATA 

In  addition  to  emission  rates  and  physical  emission  characteristics  of  the  incinerator  other 
input  data  are  needed  to  estimate  the  incremental  and  overall  air  quality  impact  of  the 
incinerator.  Specifically,  a  receptor  grid  network,  meteorological  data,  and  model  options 
are  required  as  input  to  both  the  ISC  and  WESTDEP  models. 

2.2.1  Receptor  Grid  Network 

A  coarse  receptor  grid  network  will  be  established  to  find  the  approximate  location  of 
maximum  estimated  air  quality  impact  due  to  emissions  firom  the  facility.  From  this  analysis, 
the  nearest  critical  receptor(s)  can  be  identified  for  evaluation  in  the  exposure  analysis.  A 
polar  coordinate  system  with  a  radial  every  ten  degrees  beginning  with  north,  centered  upon 
the  stack  will  be  used  as  a  basis  for  receptor  deployment  for  the  ISC  model  application. 
Receptor  points  for  ISCST  will  be  placed  at  the  following  distances  from  the  stack:  2,000m, 
2,500m,  3,000m,  4,000m,  5,000m,  6,000m,  8,000m,  10,000ni,  12,000m  15,000m,  17,500m, 
20,000m,  22,500m  and  25,000m.  Terrain  elevations  selected  for  the  receptor  grid  will  be 
based  upon  the  highest  contour  between  the  receptor  point  and  half  the  distance  to  any 
neighboring  receptor  point.  Discrete  receptor  points  will  be  located  at  sensitive  areas  such 
as  hospitals,  schools,  parks,  etc.,  and  along  the  property  line  of  the  RMA.  A  refined 
receptor  grid  with  spacing  of  100  meters  will  be  used  in  areas  of  maximum  concentrations 
identified  by  the  initial  course  receptor  grid.  Receptors  points  will  also  be  placed  in  100 
meter  increments  along  10  degree  radials  from  the  RMA  property  line  to  the  first  receptor 
ring.  No  receptor  points  will  be  placed  within  the  RMA  property. 
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Table  2-1 


Scavenging  CoeMcients 


Particle  Size  Categories  (Microns) 


Rainfall 

Intensity 

<2m 

2- 10m 

>  10m 

Light*^^^ 

0.22  X  10-^ 

0.18  X  10-2 

0.969  X  10-2 

Moderate^^^ 

0.56  X  10*^ 

0.893  X  10'^ 

0.969  X  10-2 

Heavy^'^ 

0.146  X  10*^ 

0.464  X  10*2 

0.969  X  10-2 

(a)  Light  is  less  than  0.1  inches  per  hour. 

(b)  Moderate  is  0.11-0.3  inches  per  hour. 

(c)  Heavy  is  greater  than  0.31  inches  per  hour. 
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222  Meteorological  Data 


The  meteorological  data  base  for  the  modeling  of  annual  impacts  will  consist  of  surface  data 
collected  at  the  Denver  Stapleton  Airport,  for  the  most  recent,  available  five-year  period 
1985-1989.  The  Airport  is  located  approximately  5  miles  south  of  the  incinerator. 

Selection  of  the  meteorologic  data  is  consistent  with  the  recommendations  in  Section  6.6  of 
EPA’s  On-Site  Meteorological  Program  Guidance  for  Regulatory  Modeline  Applications 
(1987).  An  annual  wind  rose  for  the  Airport  data  showing  the  prevailing  wind  directions 
and  wind  speed  classes  is  presented  in  Figure  2-1.  Coincident  mixing  heights  will  be 
derived  by  merging  surface  temperatures  with  twice  daily  upper  air  data,  both  obtained  from 
Denver  Airport  for  the  period  1985-1989.  The  raw  meteorological  surface  data  and  mixing 
heights  will  be  prepared  for  input  to  the  ISCST  models  by  using  the  EPA  preprocessor 
program.  Precipitation  data  from  the  Denver  Airport  during  the  period  1985-1989  will  also 
be  merged  with  the  preprocessed  data  for  use  in  the  WESTDEP  model  for  deposition 
calculations. 

22.3  Model  Potions 

The  ISCST  model  has  various  options  to  simulate  different  dispersion  conditions  for 
emissions  from  a  stack.  The  U.S.  EPA  has  recommended  (EPA,  1986a)  various  options  to 
be  used  in  dispersion  modeling  for  regulatory  purposes.  These  recommended  regulatory 
default  options,  shown  in  Table  2-2,  will  be  used  in  the  air  quality  impact  analysis  for  the 
incinerator. 

2.3  ATR  OIJALITV  ANALYSIS 

The  air  quality  analysis  will  be  conducted  using  the  models,  options,  and  procedures 
discussed  in  previous  sections  of  this  protocol.  The  WESTON  model  will  be  employed  to 
estimate  annual  concentrations,  wet/dry  and  total  depositions  for  each  of  the  five  years 
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1985-1989.  Since  the  expected  operational  period  for  the  SQI  is  18  months,  the  year  with 
the  highest  concentration  and  deposition  rates  will  be  used  as  input  to  the  risk  assessment. 
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Table  2-2 


Regulatoiy  Default  Options 
Proposed  for  the  ISCST  Model 


Stack-tip  downwash. 

Final  plume  rise. 

Buoyancy  induced  dispersion  (BID). 

Vertical  potential  temperature  gradients 
of  0.0,  0.0,  0.0,  0.0,  0.02,  0.035,  for 
stability  classes  A  through  F,  respectively. 

Automatic  treatment  of  calms. 

Wind  profile  exponents  of  0.07,  0.07, 
0.010,  0.15,  0.35,  0.55  for  stability 
classes  A  through  F,  respectively. 

Infinite  pollutant  half-life. 
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SECTION  3 

RISK  ASSESSMENT  PROTOCOL 


3.1  INTRODUCTION 

The  objective  of  the  health  risk  assessment  to  be  conducted  by  WESTON  for  Rocky 
Mountain  Arsenal  (RMA)  is  to  assist  in  the  establishment  of  chemical  emissions  limits  for 
the  Basin  F  Submerged  Quench  Incinerator  (SQI).  The  resultant  emissions  limits  are  to  be 
protective  of  human  health,  as  stated  in  the  Final  Decision  Document  (May,  1990).  The  risk 
characterization  results  and  a  discussion  of  ARARs  will  be  initially  presented  in  the 
Implementation  Document  to  be  submitted  to  RMA  on  December  14, 1990,  and  which  will 
be  used  to  evaluate  possible  design  changes  in  the  SQI.  The  detailed  risk  assessment 
document  will  be  submitted  immediately  thereafter. 

The  purpose  of  this  section  of  the  protocol  is  to  present  the  specific  methodology  and 
exposure  assumptions  to  be  used  by  WESTQN  in  the  risk  assessment.  Preliminary  data 
concerning  the  contaminants  of  concern  are  also  initially  presented.  In  addition  to  the  Final 
Decision  Document,  the  approach  and  methodology  draws  upon  the  guidance  set  forth  in 
the  recently  revised  U.S.  EPA  Risk  Assessment  Guidance  for  Superfund:  Human  Health 
Evaluation  Manual  (EPA,  1989a)  and  the  U.S.  EPA  Methodology  for  Assessing  Health 
Risks  Associated  With  Indirect  Exposure  to  Combustor  Emissions  (EPA,  1990a).  These  and 
other  pertinent  guidance  documents  are  indicated  in  the  appropriate  seaions,  and  are  listed 
in  the  protocol  in  Subsection  3.7. 

A  risk  assessment  for  the  proposed  SQI  was  previously  performed  by  Woodward-Clyde 
Consultants  (Jan.,  1990)  to  assist  in  the  screening  and  selection  of  interim  remedial  actions 
(IRAs)  as  required  under  CERCLA  and  the  National  Contingency  Plan.  Additionally,  on¬ 
site  (Ebasco  Report)  and  off-site  (HLA/ESE  Report)  human  health  risk  assessments  have 
been  performed  for  RMA  with  respect  to  worker  and  residential  exposures,  respectively,  to 
existing  onsite  contamination.  To  maintain  consistency  with  these  studies,  WESTON 
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reviewed  the  data  from  these  previoiis  on-site  and  off-site  evaluations  and,  where  relevant 
utilized  previously  developed  exposure  assumptions  and  input  parameters,  toxicity  criteria 
and  background  data.  These  parameters  have  been  appropriately  cited  in  the  remainder  of 
this  protocol  or  its  attachments. 

This  risk  assessment  will  be  a  comprehensive  evaluation  of  both  direct  and  indirect  exposure 
pathways,  and  will  use  as  the  basis  for  estimating  human  exposure  the  results  of  the  air 
dispersion  and  deposition  modeling,  the  methods  of  which  are  described  in  Section  2  of  this 
protocol.  To  be  consistent  with  the  most  recent  EPA  guidance  (EPA,  1989a;  1990a), 
WESTON  will  be  considering  certain  pathways  of  indirect  exposure  that  were  not  originally 
considered  in  the  SQI  risk  assessment  as  part  of  the  IRA  prepared  by  Woodward-Clyde 
Consultants  (Jan.,  1990).  These  additional  pathways  include:  breast  milk  consumption; 
ingestion  of  fish  from  contaminated  surface  waters;  vegetable  root  uptake  of  metals  and 
organics;  and,  beef  and  dairy  cattle  exposure  with  subsequent  human  consumption  of 
homegrown  or  commercially-produced  beef  and  cow’s  milk. 

In  accordance  with  the  guidance  set  forth  in  the  Final  Decision  Document,  the  risk 
assessment  process  will  be  used  to  establish  emission  limits  as  follows: 

•  Emission  rates  (both  average  and  upper  95%  confidence  limits,  where 
possible)  will  be  determined  fi’om  evaluation  of  historical  waste  stream 
characterization  data,  test  bum  data,  and  WESTON’s  hazardous  waste 
incinerator  emissions  inventory,  as  described  in  detail  in  Section  3.2. 

•  These  emissions  data  will  be  used  in  conjunction  with  the  air  modeling, 
exposure  assessment  and  toxicity  assessment  results  to  calculate 
noncarcinogenic  hazard  indices  and  carcinogenic  risk  for  each  chemical  and 
pathway  in  each  proposed  exposure  scenario. 


•  As  directed  in  the  Final  Decision  Document  (p.9-6),  cumulative  excess 
carcinogenic  risk  and  noncarcinogenic  hazard  indices  will  be  determined  for 
each  exposure  scenario.  Assuming  excess  cancer  risk  does  not  exceed  lE-06, 
and  the  noncarcinogenic'  hazard  index  does  not  exceed  1  for  the  nearest  most 
reasonable  maximally-exposed  individual,  the  emission  rates  for  the 
contaminants  of  concern  will  be  considered  protective  of  human  health. 
WESTON  has  developed  four  exposure  scenarios,  described  in  detail  in 
Section  3.4.1,  which  represent  reasonable  maximally-exposed  individuals  in  the 
vicinity  of  the  facility.  The  facility  is  assumed  to  operate  for  two  years. 

•  Should  the  cumulative  cancer  risk  or  noncarcinogenic  hazard  index  exceed  the 
limits  described  above  for  the  most  reasonable  maximally-exposed  individual, 
each  contaminant  and  pathway  assessed  in  that  scenario  will  be  evaluated  to 
develop  a  profile  of  the  major  contributor(s)  to  risk.  A  report  summarizing 
these  findings  will  be  presented  to  the  appropriate  agencies,  as  outlined  in  the 
Final  Decision  Document,  to  determine  whether  a  change  in  the  design  of  the 
treatment  system  is  necessary. 

The  protocol  is  divided  into  four  sections: 

1.  Contaminant  Identification,  Selection  and  Emission  Rate  Determination  (Section  3.2) 

2.  Toxicity  Assessment  (Section  33) 

3.  Exposure  Assessment  (Section  3.4) 

4.  Risk  Characterization  (Section  3.5) 

These  sections  of  the  protocol  will  correspond  to  the  general  format  to  be  used  in  the  final 

risk  assessment  document.  For  the  final  document,  detailed  calculations  and  supporting 
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information  that  are  applicable  to  the  material  presented  in  each  of  the  sections  of  the  final 
risk  assessment  document  will  be  included  in  corresponding  appendices. 

32  CONTAMINANT  IDENTlFICfATlON.  SELECTION  AND  EMISSION  RATE 
DETERMINATION 

Initial  identification  of  potentially  emitted  contaminants,  and  estimation  of  their  emission 
rates  will  be  based  on  an  analysis  of  the  composition  of  the  waste  stream  and  its  theoretical 
products  of  incomplete  combustion,  valid  test  bum  data,  and  comparison  with  WESTON’s 
hazardous  waste  incinerator  emissions  database.  This  approach  should  be  consistent  with 
the  Final  Decision  Document  and  yield  a  very  conservative  estimate  of  the  emitted 
chemicals  and  their  likely  emission  rates.  This  information  will  be  supplemented  or  verified 
by  additional  Basin  F  liquid  analyses  being  conducted  currently,  if  the  analytical  results  are 
available  when  the  contaminant  identification  phase  of  the  risk  assessment  is  performed. 

3,2.1  Contaminant  Identification 

Four  groups  of  pollutants  and  their  respective  emission  rates  will  be  developed.  These 
chemicals  are  generally  categorized  as  principal  organic  hazardous  constituents  (POHCs), 
products  of  incomplete  combustion  (PICs),  metals,  and  criteria  pollutants  (gases, 
particulates,  and  acid  gases).  The  detailed  lists  of  initially  identified  potential  pollutants  and 
emission  rates  are  presented  in  Tables  1  and  2  (Appendix  A).  The  remainder  of  this  section 
discusses  the  methodology  used  for  selecting  the  chemicals  of  concern. 

3  J.1.1  Analysis  of  Waste  Stream  Composition 

The  following  methodology  was  used  to  evaluate  the  waste  stream  composition  for  the  Basin 
F  liquid  material  at  the  RMA; 


6A-22 


•  The  historical  characterization  data  from  1978  through  1988  for  the  basin  and 
the  recent  WESTON  analyses  for  the  pond  and  for  the  tanks  were  converted 
to  a  common  basis  of  mg/1.  (This  involved  a  density  correction  considering 
the  1.24  g/ml  density  of  the  waste  for  the  historical  data  that  had  been 
reported  as  ppm  or  ppb). 

•  The  average  and  maximum  of  the  reported  values  were  taken  for  the  values 
from  the  basin,  pond  and  tank,  each  taken  separately.  (If  a  range  was 
reported  for  a  particular  source  of  analyses,  the  midpoint  of  the  range  was 
assumed  to  represent  the  average). 

•  The  maximum  of  the  average  values  of  the  basin,  pond  and  tank  analyses 
wefe  calculated,  as  well  as  the  maximum  of  the  maximum  values. 

•  The  maximum  of  the  average  and  maximum  of  the  maximum  values  were 
summed  for  all  compoimds  (organics  and  metals). 

•  Because  the  total  of  the  maximums  of  the  maximum  values  was  about  1 
million  mg/1,  or  about  100%,  this  approach  was  considered  too  overly 
conservative,  even  for  risk  assessment  purposes.  The  total  of  maximums  of 
the  averages,  however,  was  about  640,000  mg/1  (about  the  same  value  as  the 
portion  of  the  waste  stream  that  is  not  water). 

Therefore,  the  maximums  of  the  average  values  from  each  of  the  basin,  pond,  and  tanks 
were  taken  as  a  reasonable  worst  case  estimate  of  the  composition  of  the  waste  stream. 
These  values  were  then  converted  to  tons  of  component  per  year  for  the  design  incinerator 
capacity  of  10,325  Ib/hr.  These  data  were  used  by  Dr.  Barry  Dellinger  to  predict  the  PICs 
and  POHCs  as  discussed  in  more  detail  below. 
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32.12  Evaluation  of  Test  Burn  Data 


Emissions  testing  results  conducted  during  the  test  bums  of  Basin  F  waste  performed  by  T- 
Thermal  (August,  1990)  were  evaluated  by  the  WESTON  Air  Permitting  and  Engineering 
staff.  A  number  of  the  test  mns  were  considered  unacceptable  for  emissions  estimation 
because  of  feed  clogging  followed  by  rapping  or  oxygen  blasts  into  the  feed  nozzles.  Two 
dioxin/furan  runs,  and  one  metals  mn  were  considered  valid.  The  remaining  mns  have 
been  discarded  for  evaluation  purposes. 

Compared  to  other  hazardous  waste  incinerators,  the  dioxin/furan  TEF  for  the  two  mns 
appears  relatively  small  (0.06  ng/Nm3)  compared  to  WESTON’s  emissions  database  values. 
However,  the  risk  this  poses  cannot  as  yet  be  determined.  For  the  risk  analysis  base  case 
(i.e.,  average  conditions),  we  will  use  the  average  of  the  two  test  bum  mns;  for  the 
sensitivity  case  (i.e.,  upper  bound  conditions),  we  will  use  the  upper  95%  confidence  limit 
of  the  WESTON  database  for  hazardous  waste  incinerators. 

The  test  bum  data  for  the  one  acceptable  mn  for  metals  compare  well  with  the  emission 
estimates  based  on  the  waste  stream  data  (average  of  the  maximums)  and  removal 
efficiencies  published  by  the  U.S.  EPA  for  hazardous  waste  incinerators.  Therefore,  we  will 
use  the  maximum  of  these  two  data  sets  for  the  base  case.  U.S.  EPA  Tier  I  and  Tier  II 
guidance  values,  values  based  on  the  "maximum  of  the  maximums"  of  the  waste  stream  data 
and  emission  test  mns  from  the  test  bum  will  be  considered  in  the  sensitivity  analysis. 

For  pesticides  and  PCBs,  we  will  use  Dr.  Dellinger’s  POHC  and  PIC  data.  These  potential 
pollutants  were  not  detected  during  the  test  bum  emission  testing 

3.2.  U  Key  Organic  Pollutants  in  the  Waste  Profile 

Organic  compounds  were  identified  either  as  POHCs  from  an  analysis  of  the  waste  stream 
composition  (Section  3.2.1.1)  or  from  the  analysis  of  PICs  resulting  form  combustion  of  the 
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POHCs  (Section  3.2. 1.4).  Toluene  was  predicted  to  be  the  most  difficult  compound  to 
destroy,  and,  therefore  it  was  used  to  normalize  destruction  removal  efficiency  (DRE)  for 
all  POHCs  by  assuming  toluene  would  be  destroyed  with  a  99.99%  DRE  as  verified  by  a 
trial  bum.  Historical  data  indicate'  that  organics  present  in  the  waste  stream  include 
volatiles,  semi-volatiles,  and  pesticides.  Dioxins  and  furans,  determined  from  an  evaluation 
of  the  test  bum  data  discussed  above,  are  listed  separately  and  are  expressed  as  toxic 
equivalents  based  on  the  most  recent  U.S.  EPA  guidance  (EPA,  1989b). 

32.1.4  Products  of  Incomplete  Combustion  (With  or  Without  Precursors) 

Products  of  incomplete  combustion  (PICs)  are  organic  compounds  present  in  emissions  from 
an  incinerator  and  which  are  formed  from  the  thermal  breakdown  of  chemicals  present  in 
the  waste  stream,  reformation  reactions,  or  some  other  process  subsequent  to  incineration 
(Trenholm  and  Hathaway,  1984;  Oppelt,  1987).  Specific  PIQ,  with  or  without  precursors, 
have  been  identified  and  their  emission  rates  estimated  by  Dr.  Barry  Dellinger,  who  has 
been  subcontracted  for  this  effort. 

32.1.5  Metals 

Identification  of  metals  and  determination  of  their  emission  rates  will  be  based  on  waste 
stream  characteristics,  test  bum  data  and  the  U.S.  EPA  guidance  document  as  discussed 
under  Section  32.1.2. 

32.1.6  Criteria  Pollutants  and  Acid  Gases 

Selected  criteria  pollutants  (particulate  matter,  sulfur  dioxide,  nitrogen  dioxide,  and  carbon 
monoxide)  and  acid  gases  (primarily  hydrogen  chloride  and  hydrogen  fluoride)  will  be 
evaluated  both  for  potential  acute  and  chronic  health  effects  by  the  inhalation  pathway. 
Their  emissions  rates  were  determined  from  test  bum  data,  vendor  guarantees  and 
WESTON’S  hazardous  waste  emissions  inventory  database. 
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322  Emission  Rates 


Table  1  of  Appendix  A  summarizes  the  initial  list  of  emitted  organic  and  inorganic 
chemicals  with  estimated  emissions  rates.  Base  case  emissions  rates  are  conservatively  high 
estimates  of  the  emissions  which  would  be  expected  during  the  course  of  normal  operation. 
Their  methods  of  determination  are  footnoted  in  the  table.  Sensitivity  case  emissions  rates 
represent  upper  bound  or  maximum  worst  case  expected  rates.  Refer  to  the  footnotes  in 
Table  1  for  specific  methods  of  determination.  Criteria  pollutants,  gases,  and  particulates 
are  presented  in  detail  in  Table  2. 

323  Final  Selection  of  Contaminants  of  Concern 

The  final  contaminants  of  concern  will  be  selected  from  the  initial  list  for  each  medium  of 
potential  exposure  (air,  soil,  surface  water)  based  on  various  conservative  criteria  discussed 
in  detail  below.  The  purpose  of  this  part  of  the  evaluation  is  to  eliminate  from  the  large 
list  of  chemicals  those  that  will  not  be  of  significance  in  the  risk  characterization. 

323.1  Air 

All  contaminants,  both  carcinogens  and  noncarcinogens,  will  be  evaluated  in  the  air  pathway, 
including  the  criteria  pollutant  gases  and  particulates. 

3232  Soil 

All  carcinogens  (by  the  oral  route)  will  be  retained  for  final  evaluation  in  all  soil  pathways. 
Volatile  organics  (VOCs)  will  be  excluded  from  soil  pathways  based  on  the  following 
rationale: 

•  VOCs  are  likely  to  be  emitted  as  vapors 

•  VOCs  are  unlikely  to  be  deposited  in  soils  following  their  emission 

•  VOCs  are  unlikely  to  be  persistent  in  soil,  if  deposited 
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For  purposes  of  this  screening  procedure,  a  VOC  is  defined  as  any  chemical  (carcinogen  or 
noncarcinogen)  with  a  vapor  pressure  greater  than  IE +02  mm  Hg  and/or  Henry’s  Law 
constants  greater  than  lE-03  atm-mVtnol  (Lyman,  et  al.,  1982).  The  vapor  pressure 
criterion  was  derived  from  inspection  of  the  range  of  vapor  pressures  of  chemicals  that  EPA 
classifies  as  volatiles  (EPA,  1986). 

Metals  (except  oral  carcinogens)  were  screened  based  on  comparison  with  regional 
background  metals  concentrations.  Background  data  were  obtained  from  data  WESTON 
gathered  for  Rocky  Flats  (WESTON,  1989).  Metals  were  excluded  from  further  analysis 
through  soil  pathways  if  their  predicted  soil  concentrations  based  upon  the  maximum  total 
deposition  at  the  points  of  exposure  (refer  to  Section  3.4.1  for  specific  locations  of 
reasonable  maximally-exposed  individuals)  were  greater  than  or  equal  to  1  percent  of  the 
mean  background  concentrations  for  the  respective  metal. 

323  J  Surface  Water 

Land  use  evaluation  and  the  deposition  modeling  isopleths  revealed  that  Engineer’s  Lake, 
a  designated  manmade  recreational  fishing  area  (refer  to  Section  3.4  for  more  detail)  was 
impacted  by  facility  emissions.  Contaminants  of  concern  were  evaluated  for  consideration 
in  the  surface  water  pathway  (i.e.,  fish  consumption)  based  on  several  criteria: 

•  all  oral  carcinogens  will  be  included  in  the  final  surface  water  pathway 
evaluation 

•  VOCs  were  excluded  from  this  pathway  based  on  the  same  rationale  as 
previously  discussed  for  soils 

•  a  modified  Tier  I  analysis  was  performed  to  evaluate  the  remaining  chemicals 
for  possible  exclusion  from  the  surface  water  pathway.  The  basis  of  this 
screening  analysis  is  to  estimate  a  highly  conservative  concentration  of  the 
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chemical  contaminants  in  the  impacted  surface  water  body  and  compare  this 
to  the  Ambient  Water  Quality  Criteria  (AWQC)  for  fish  consumption  by 
humans.  If  a  chemical  had  no  designated  AWQC,  it  was  excluded  from  this 
analysis,  and  will  be  included  in  the  more  detailed  surface  water  pathway 
evaluation  in  the  actual  risk  assessment.  The  total  areal  deposition  for  the  32 
acre  watershed  of  Engineer’s  Lake  was  determined  from  the  modeled 
isopleths.  Lakewater  concentrations  for  each  chemical  were  determined  by 
dividing  the  total  amount  deposited  in  the  lake  by  the  total  volume  of  the 
lake.  It  was  conservatively  assumed  that  the  lake  had  a  0.5  year  hydraulic 
retention  time  and  that  all  chemicals  adsorbed  to  soil  runoff  was  desorbed 
into  the  water.  Table  3  in  Appendix  A  shows  the  results  of  this  analysis.  It 
was  concluded  that  the  nine  chemicals  evaluated  in  this  screen  could  be 
excluded  fi’om  further  evaluation  based  on  the  criterion  that  their 
conservatively  predicted  water  concentrations  were  less  than  10  percent  of 
their  respective  AWQCs. 

33  TOXICITY  ASSESSMENT 

The  Integrated  Risk  Information  System  (IRIS)  computer  data  base  (EPA,  1990b)  will  be 
referred  to  for  the  most  recent  U.S.  EPA  reference  doses  and  cancer  potency  factors. 
Other  EPA  sources,  including  EPA’s  quarterly  Health  Effects  Assessment  Summary  Tables 
(EPA,  1990c),  will  also  be  used  for  those  chemicals  for  which  toxicity  values  are  unavailable 
on  IRIS. 

For  those  chemicals  for  which  EPA-derived  potency  factors  or  reference  doses  are 
unavailable,  toxicity  values  will  be  derived  from  health-based  criteria  or  toxicity  data. 
Derived  toxicity  values  published  in  the  on-post  and  off-post  exposure  assessments  will  be 
used  if  possible.  All  approaches  for  the  derivation  of  reference  doses  or  cancer  potency 
factors  will  be  fully  discussed  in  the  risk  assessment.  The  use  of  derived  toxicity  values  and 
the  methods  by  which  they  will  be  derived  will  be  subject  to  the  review  of  U.S.  EPA  Region 
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Vin  and  RMA-  Tables  4A  and  4B  in  Appendix  A  list  the  chemicals  of  concern  with  their 
carcinogenic  slope  factors  and  reference  doses,  respectively. 

To  evaluate  dioxins  and  furans,  WESTON  will  follow,  if  applicable,  the  guidelines  set  forth 
in  the  Interim  Procedures  for  Estimating  Risks  Associated  with  Mixtures  of  CT)Ds  and 
CPFs  (EPA,  1989b). 

3.4  EXPOSURE  ASSESSMENT 


3.4.1  Exposure  Scenarios 

The  exposure  scenarios  have  been  evaluated  based  upon  the  air  dispersion  and  deposition 
modeling  results.  Theoretically,  to  determine  emissions  limits,  it  is  necessary  to  evaluate 
only  one  scenario,  the  most  reasonable  maximally«exposed  individual  (RMEI).  Reasonable 
maximum  exposure  is  defined  by  the  U.S.  EPA  as  "the  highest  exposure  that  is  reasonably 
expected  to  occur  at  a  site"  (EPA,  1989a).  However,  the  RMEI  cannot  always  be 
determined  based  on  the  modeling  results  alone.  Therefore,  it  is  recommended  that  several 
exposure  scenarios  be  evaluated  in  the  risk  assessment.  The  scenario  ultimately  resulting 
in  the  greatest  risk  (i.e.,  most  exposed),  as  directed  in  the  Final  Decision  Document,  will  be 
used  to  assess  numerical  chemical  emissions  limits. 

Based  on  available  information  regarding  current  o£f-site  and  on-site  land  usage,  and  the 
results  of  the  air  deposition  modeling,  four  potential  RMEIs  have  been  identified.  The 
scenarios  presented  below  represent  present  use  conditions.  No  future  use  scenarios  were 
included  since  hypothetical  exposures  in  this  case  would  not  likely  exceed  any  present  use 
exposures;  this  is  based  on  the  assessment  that  pathways  of  exposure  and  areas  of  maximum 
impact  of  emissions  would  not  be  different  from  any  present  use  condition.  The  four 
potential  RMEIs  are: 
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•  An  individual  currently  living  within  the  residential  area  where  total 
deposition  (dry  plus  wet)  is  maximal  (i.e.,  just  south  of  the  property  fenceline). 

•  An  individual  currently  living  within  the  residential  area  where  dry  deposition 
will  be  maximal  (Le.,  just  north  of  fenceline). 

•  An  individual  currently  living  on  a  local  cattle  farm  where  total  deposition  is 
highest  for  that  land  use  (i.e.,  just  northwest  of  site). 

•  A  maintenance  worker  on  the  site  who  is  exposed  to  an  area  weighted  air 
concentration  and  wet/dry  deposition  as  determined  from  the  modeling 
results. 

The  respective  locations  of  these  RMEIs  are  indicated  on  the  site  diagram  in  Appendix  A 
(Figure  1).  The  isopleths  developed  for  the  air  modeling  are  not  provided  here  but  will 
presented  in  the  final  report.  Note  that  all  residential  exposure  scenarios  include  a  fish 
consumption  pathway  based  on  the  finding  that  Engineer’s  Lake,  a  recreational  fishing  area, 
is  impacted  by  the  deposition  analysis.  The  Lake  is  located  just  west  of  RMA  near  Adams 
City. 

Subsections  3.4.2  through  3.4.4  detail  the  specific  equations  or  approaches  for  determining 
media  concentrations,  and  the  exposure  algorithms  and  input  parameters  that  will  be 
employed  by  WESTON  in  determining  estimated  daily  intakes  (i.e.,  doses)  of  each  of  the 
pollutants.  When  available,  site-specific  or  more  recently  developed  input  factors  (e.g., 
ingestion  rates)  will  be  used  in  preference  to  the  factors  presented  in  the  protocol.  Table 
5  of  Appendix  A  is  a  summary  of  the  key  input  parameters  for  air  and  soil  pathways  which 
has  been  developed  in  consultation  with  Dr.  Chris  Weis  of  EPA  Vm  and  following  a  review 
of  the  offsite  and  onsite  exposure  assessments  performed  previously  for  RMA  Additional 
parameters  are  discussed  with  the  algorithms  in  Sections  3.2.2  through  3.2.4.  Depending  on 
the  results  of  the  evaluation  of  local  land  and  water  usages  and  final  contaminant  pathways 
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analysis,  it  is  possible  that  some  of  these  algorithms  will  not  be  included.  The  exposure 
algorithms  presented  in  these  subsections  estimate  daily  exposure  doses  based  on  expected 
media  concentrations  determined  through  the  dispersion  and  deposition  modeling  results. 
Adjustments  to  lifetime  exposure  doses  will  be  determined  in  the  risk  characterization 
section.  Section  3.5  discusses  this  in  more  detail. 

A  groundwater  exposure  pathway  has  not  been  included  in  this  protocol.  It  has  been 
WESTON’S  experience  that  groundwater  contamination  from  incinerator  facility  emissions 
is  minimal  and  makes  no  significant  contribution  to  total  risk.  Current  EPA  guidance  for 
assessing  health  risks  associated  with  combustor  emissions  indicates  that  the  evaluation  of 
the  groundwater  pathway  is  uimecessary  due  to  limited  potential  for  groundwater 
contamination  (EPA,  1990a).  However,  should  groundwater  recharge  patterns  and  private 
well  use  be  significant  factors  at  the  proposed  site,  this  pathway  can  be  further  evaluated. 

3.42  Inhalation  Exposure 

3.42.1  Air  Concentrations  of  Pollutants 

The  concentrations  of  pollutants  in  the  ambient  air  will  be  determined  based  on  the 
dispersion  modeling  results. 

3.422  Exposure  through  Inhalation 

Dose  From  Ambient  Air  Respiration  1 

Inhalation  =  Concentration  x  Rate  x  Body  Weight 
(mg/kg/day)  (mg/m^)  (mVday)  (kg) 

Where: 

•  Respiration  Rate  =  20  m^/day  -  adult  (EPA,  1989c),  10  m^/day  -  child 
(USNRC,  1977),  3.8  mVday  -  infant  (NCRP,  1984) 
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Body  Weight  =  70  kg  -  adult,  15  J  kg  -  child,  9  kg  -  infant  (0-1  yr  old)  (EPA, 
1989c;  EBASCO,  1989) 


3.4J  Inyestion  Exposure 


3.43.1  Soil  Concentrations  of  Pollutants 


Contaminants  with  no  expected  significant  degradation: 

Expeaed 

Maximum  Total  Facility 

Contaminant  Deposition  Rate  10^  mg  Life 

Concentration  =  (g/m^/year)  x  g  x  (years) 

in  Soil  - - - 

(mg/kg)  Soil  Density  x  Soil  Mixing  Depth 

(kg/m^)  (m) 


Where: 


Expected  Facility  life  =  2  years 


Soil  Density  =  site  specific 


Soil  Mixing  Depth  =  0.1  m  (for  unfilled  soil)  (EPA,  1990a) 
=  02  m  (for  tilled  soil)  (EPA,  1990a) 


Contaminants  with  expected  significant  degradation: 

Maximum  l-e^**"^  x  Total  Deposition  Rate  x  10^  mg 

Contaminant  =  (g/mVyear)  g 

Concentration  - - - 

in  Soil  k  x  Soil  Density  x  Soil  Mixing  Depth 

(mg/kg)  (kg/m^)  (m) 

Where: 

k  =  Decay  Coefficient  (yr'^),  chemical  specific 
t  =  Expeaed  Facility  Life  =  2  years* 
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•An  average  concentration  is  also  calculated  for  the  contaminants  with  expected  loss  using 
a  computerized  model  which  takes  into  account  daily  degradation  over  70  years. 


3.43^  Exposure  from  Soil/Dust  Ingestion 

Contaminant  Contaminant 

Dose  from  Concentration  Soil/Dust 

Soil/Dust  =  in  Soil/Dust  x  Ingestion  Rate 

(kg/davl _ (mg/kg) - 

Body  Weight  (kg) 


Dust  concentrations  are  assumed  to  be  equal  to  the  0.1  m  mixing  depth  soil  concentrations 
and  are  calculated  collectively  with  soils  concentration. 

Where: 

•  Annual  average  soil/dust  ingestion  rate  =  5.0E-05  kg/day  -  adult 
maintenance  worker  (EBASCO);  l.OE-04  kg/day  -  adult  farmer 
resident  (EPA,  Region  Vni);  2.0E-04  kg/day  -  child  farmer/resident 
(EPA,  Region  VIII). 

•  Body  Weight  =  70  kg  -  adult,  153  kg  -  child  (EPA,  1989c;  EBASCO). 


3.433  Garden  Produce  Ingestion 


Contaminant 

Concentration 

Contaminant 

Dry 

Vertical  Surface 

in/on  = 

Concentration  x  Root  + 

Deposition  x 

Deposition  x 

Produce 

in  Soil  Uptake 

Rate 

Factor 

(mg/kg) 

(mg/kg)  Factor 

(g/mVyear) 

(m^sec/kg) 

g  3.15E+07  sec 

-  X 

1(P  mg  yr 

— 

For  root  vegetables,  the  second  term  of  this  equation  (i.e.,  the  contribution  of  contaminant 
deposition  on  the  plant)  drops  out.  The  second  term  also  drops  out  when  calculating  the 
contaminant  concentrations  in/on  leafy  vegetables  and  garden  fruits  during  the  years  after 
the  facility  is  closed. 


6A-33 


Where: 


Soil  concentration  is  calculated  with  an  assumed  mixing  depth  of  20  cm  (EPA, 
1990a). 


Root  Uptake  Factor  -  chemical  specific  (inorganics:  Baes  et  al,  1984; 
organics  calculated  based  on  Briggs  et  al.,  1982  (root  vegetables)  and  Travis 
and  Arms,  1988). 


Vertical  Surface  Deposition  Factor  =  r  (1-6'*^*) 

yk 

r  =  Interception  fraction  of  the  plant  (unitless)  (Baes  et  al., 

1984). 

k  =  Total  rate  constant  for  degradation  process  (seconds'^) 

(Baes  et  al.,  1984). 

t  =  Growing  Time  (seconds) 

y  =  Plant  Yield  (wet  weight)  (kg/m^) 


Contaminant 
Dose  fi’om 
Produce  Ingestion 
(mg/kg/day) 


Contaminant  Leafy 

Concentration  Vegetable 
in  Leafy  Consumption  Fractions 
Vegetables  x  Rate  x  Homegrown  + 
(mg/kg)  (kg/day) 


Contaminant 
Concentration 
in  Root  X 
Vegetables 
(mg/kg) 


Root  Vegetable 
Consumption 

Rate  X  Fraction  + 
(kg/day)  Homegrown 


Contaminant 
Concentration 
in  Garden  x 
Fruits 
(mg/kg) 


Garden 

Fruit 

Consumption 

Rate 

(kg/day) 


Fraaion 

X  Homegrown 


1 


X  Body  Weight  (kg) 


Where: 
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•  Consumption  Rates  in  Wet  Weight  (calculated  from  EPA,  1990  and  Baes  et 
al.,  1984). 

leafy  vegetables  =  1.19E-02  kg/day  -  adult;  1.24E-03  kg/day  -  child, 
root  vegetables  =  6.53E-02  kg/day  -  adult;  3.11E-03  kg/day  -  child, 
garden  fruits  =  6.4E-02  kg/day  -  adult;  3.34E-02  kg/day  -  child. 

•  Body  Weight  =  70  kg  -  adult,  15.5  kg  -  child  (EPA,  1989c;  EBASCO). 

•  Fraction  Homegrown  =  0.58  -  adult  and  child  resident  (HLA  Report);  0.90  - 
adult  and  child  farmer  (EPA,  Region  VIII). 

To  the  extent  possible,  local  consumption  rates  and  homegrown  fractions  will  be  further 
investigated  as  part  of  the  land  use  analysis. 

3.43.4  Surface  Water  Concentrations  of  Pollutants 

If  the  surface  water  pathway  is  determined  to  be  a  key  exposure  route,  surface  water 
concentrations  will  be  determined  using  a  Tier  2  analysis  (EPA,  1990a).  If  requested,  the 
details  of  the  surface  water  model  will  be  provided  in  a  supplementary  memorandum. 


3.43.5  Drinking  Water  Ingestion 


Contaminant 
Dose  from 
Surface  Water 
Ingestion 
(mg/kg/day) 


Surface  Water 

1 

Estimated 

Consumption 
X  Rate 

Surface  Water 

X  Body  Weight 

Concentration 

(L/day) 

(kg) 

(mg/L) 

Where: 

•  Surface  Water  Consumption  Rate  =  1.4  L/day  -  adult,  1  L/day  -  child  (EPA, 
1989c) 

•  Body  Weight  =  70  kg  -  adult,  15.5  kg  -  child  (EPA,  1989c;  EBASCO). 
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3.43.6  Fish  Ingestion 


Contaminant 
Concentration 
in  Fish 


(mg/kg) 


Contaminant 
Concentration  • 
in  Water  x 


(mg/L) 


Adjusted 

Bioconcentration 

Factor 


(L/kg) 


Where: 


Where: 


Adjusted  Bioconcentration  Factor:  compound  specific,  adjusted  to  account  for 
difference  in  lipid  content  in  test  and  study  organism  (if  information  is 
available)  = 

Bioconcentration  Factor  x  LC  Study 

LC  Test 


LC  study  =  Lipid  concentration  in  study  organism 
LC  test  =  lipid  concentration  in  test  organism 


If  data  are  available,  an  adjustment  of  the  predicted  contaminant  concentration  in  the  whole 
body  of  the  fish  to  a  concentration  in  the  edible  portion  of  the  fish  will  be  made. 


Contaminant 
Dose  fi'om 
Fish  Ingestion 
(mg/kg/day) 


Contaminant 
Concentration 
in  Fish 
(mg/kg) 


Daily  Fish 
X  Consumption 
Rate 
(kg/day) 


1 

X  - 

Body  Weight 
(kg) 


Fish  Consumption  Rate  =  9.84E-03  kg/day  -  resident/farmer  adult  (HLA 
Report);  2.42E-03  kg/day  -  child. 

Body  Weight  =  70  kg  -  adult,  15.5  kg  -  child  (EPA  1989c;  EBASCO). 
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3.4  J.7  Ingestion  of  Meat  and  Milk 


Animal  Feed 
(Pasture  Grass, 

Hay,  Grain,  and  = 
Com  Silage) 

Contaminant 

Concentration 

(mg/kg) 

Contaminant 
Concentration 
in  Soil  X 

(mg/kg) 

Root  Uptake  Dry  Deposition 

Factor  +  Rate 

(g/mVyr) 

Vertical 

X  Surface 

Deposition  Factor 
(m^sec/kg) 

1,000  mg 

yr 

X 

g 

3.15E+07  sec 

Only  the  first  term  of  the  equation  applies  for  calculating  contaminant  concentration  in 
grain.  The  second  term  also  drops  out  when  calculating  contaminant  concentrations  in/ on 
other  animal  feed  during  the  years  after  the  facihty  is  closed. 


Where: 

•  Vertical  Surface  Deposition  Factor  (see  Section  3.2.3). 

•  Root  Uptake  Factor  -  chemical  specific. 


Contaminant 


Contaminant 

Concentration 

Daily 

Contaminant 

Daily 

Concentration  in 

in  Animal  Feed 

Intake  of 

Concentration 

Intake  of 

Animal  Diet  = 

Concentration  x 

Feed 

+  in  Soil  X 

Soil 

(mg/kg) 

(mg/kg) 

(kg/day) 

(mg/kg) 

(kg/day) 

Daily  Intake  Daily  Intake 

of  Feed  +  of  Soil 

(kg/day)  (kg/day) 

Where: 


Daily  Intake 

Feed  =  dependent  on  area-specific  fanning  practices  and  type  of  cattle 
Soil  =  2  percent  of  grazing  diet  (Fries,  1986) 


Soil  Concentration  •  Calculated  using  a  0.1  m  mixing  depth  for  untilled  soil 
(e.g.,  pasture  grass)  and  a  0.20  m  mixing  depth  for  tilled  soil  (e.g.,  com,  grain, 
hay).  (EPA,  1990a). 


Contaminant 
Concentration 
In  Animal  Product 
(mg/kg) 


Animal  Tissue 

Intake  x  Uptake 

(mg/kg)  Factor 

(day/kg) 


Total  Feed 
X  Intake* 
(kg/day) 


Tissue  Uptake  Factor  -  contaminant  specific  (Baes  et  al.,  1984;  Fries,  1986; 
Travis  et  al.,  1988). 

Total  feed  intake  is  not  used  in  determining  dioxin  concentrations  in  animal 
products  and  the  dioxin  tissue  uptake  factor  is  unitless. 


Contaminant  Dose 
from  Animal 
Product  Ingestion 


Contaminant 
Concentration  x 
in  Animal  Product 
(mg/kg) 


Product 

Consiunption  x  Fraction 
Rate  Homegrown 

(kg/day)  Product 


Body  Weight  (kg) 


Where: 


Product  Consumption  Rates: 

Beef  =  0.037  kg/day  -  child  (Pao  et  al.,  1982),  0.067  kg/day  -  adult 
(Fries,  1986). 

Beef  fat  =  0.009  kg/day  -  child  (EPA,  1986),  0.015  kg/day  -  adult 
(Fries,  1986). 

Milk  =  039  kg/day  -  child  (Pao  et  al.,  1982),  0.305  kg/day  -  adult 
(Fries,  1986). 

Milk  fat  =  0.016  kg/day  -  child  (EPA,  1986),  0.01  kg/day  -  adult 
(Fries,  1986) 


Fraction  home-produced  or  obtained  from  a  local  source  (rural) 

Beef  =  1.00  -  Farm  Household  (WESTON);  0.05  Residential 
Household  -  (WESTON) 


^  A  -  3  ^ 


Milk  =  1.00-  Farm  Household  (WESTON);  0.05  -  Residential 
Household  (WESTON). 

Body  Weight  =  70  kg  -  adult,  15.5kg  -  child  (EPA,  1989c;  EBASCO). 


3.4J.8  Breast  Milk  Ingestion 


Breast  Milk  Sum  of  Contaminant  Breast  Milk 

Concentration  =  Doses  to  Mother  x  Transfer  Factor 
(mg/kg)  (mg/kg/day)  (day) 


Where: 

•  Sum  of  Contaminant  Doses:  Total  dose  through  all  exposure  routes 


Breast  Milk  Transfer  Factor:  chemical  specific  (Smith,  1987;  Travis  et  al., 
1988) 


The  breast  milk  pathway  will  be  evaluated  for  organic  contaminants  only  due  to  insufficient 
information  regarding  breast  milk  transfer  factors  (based  on  estimated  daily  intakes)  for 
metals  in  human  milk. 

Infant 

Contaminant 

Dose 

(mg/kg/day) 


Infant  Body  Weight 
(kg) 


Contaminant 
Concentration 
in  Breast  Milk 
(mg/kg) 


Milk  Ingestion 
Rate 
(kg/day) 


Where: 

•  Milk  Ingestion  Rate  =  0.8  kg/day  (Smith,  1987) 

•  Infant  Body  Weight  (0-1  yr  old)  =  9  kg  (EPA,  1989c) 
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3.4.4  Dermal  Exposure 


Dose 

Contaminant 

Exposed 

From 

Concentration 

Skin 

Soil  Adherence 

Dermal 

Dermal 

=  in  Soil 

X  Surface  x 

Factor  x 

Absorption 

Contart 

(mg/kg) 

Area 

(mg/cm^/event) 

Factor 

(mg/kg/day) 

(cm^) 

Number  of  Exposure 

kg 

week 

1 

Events 

per  Week 

A 

X  X  ’ 

(events/wk) 

10^  mg 

7  days 

Body  Weight  (kg) 

Where: 


Exposed  Skin  Surface  (arm  and  hand)  Area:  1,700  cm^  -  adult  (EBASCO); 
2,188  cm^  -  child  (EPA,  1989c). 


Soil  Adherence  Faaor  -  3.5  mg/cm^  -  adult  maintenance  worker/farmer 
(EBASCO);  0.51  mg/cm^  -  resident  adult  and  farmer/residential  child 
(EBASCO). 


Dermal  Absorption  Factor  =  0.01  -  metals;  0.10  -  organics  (EBASCO). 


Body  Weight  =  70  kg  -  adult,  15.5  kg  -  child  (EPA,  1989c;  EBASCO). 


3.5  RISK  CHARACTERIZATION 

3.5.1  Evaluation  of  Risk 

3.5.1.1  Noncarcinogenic  Risk 

Noncarcinogenic  risk  will  be  evaluated  for  each  scenario  by  comparing  contaminant  doses 
to  chronic  reference  doses.  The  contaminant  dose:  reference  dose  ratios  (i.e.,  hazard 
quotients)  will  be  summed  to  calculate  the  total  chroni  hazard  index.  Separate  hazard 
indices  will  be  calculated  for  the  adult,  child,  and  infant.  If  a  chronic  hazard  index  exceeds 
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one,  the  potential  for  acute  health  effects  wiD  also  be  determined,  by  comparing  the 
contaminant  doses  to  available  or  derived  short-term  toxiciQr  values. 

3.5.1.2  Carcinogenic  Risk 

The  carcinogenic  risk  posed  by  each  contaminant  through  each  exposure  route  will  be 
calculated  using  the  following  equation: 

Cancer  Contaminant  Carcinogenic  Exposure 

Risk  =  Dose  x  Potency  x  Duration 

(mg/kg/day)  Factor  Adjustment 

(mg/kg/day)-^ 

The  exposure  duration  adjustment  takes  into  account  the  length  of  exposure,  in  effect 
averaging  the  calculated  daily  contaminant  dose  over  a  70-year  lifetime.  The  total  risk 
posed  by  each  contaminant  will  be  calculated  by  adding  the  risks  posed  by  the  contaminant 
through  all  exposure  routes.  The  lifetime  incremental  cancer  risk  posed  by  all  contaminants 
will  be  estimated  by  summing  the  risks  posed  by  all  contaminants  through  all  exposure 
routes. 

3.5.2  Uncertainty  Analysis 

All  key  assumptions  and  uncertainties  and  their  potential  effects  on  the  risk  estimates 
presented  in  the  risk  characterization  will  be  summarized.  A  quantitative  sensitivity  analysis 
will  be  performed  for  some  of  the  assumptions  that  are  indicated  to  have  the  greatest 
impact  on  the  calculation  of  total  risk. 
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TABLE  1 


EMKjMON  I^JES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 


ICjtcgoiy/ 

^  PoUbUrI 

(tmlyr) 

Bat  €«»«(■) 

Obflr) 

(gitte) 

(tonfyr) 

SenriHvltY  Ciit  ft) 
OhM 

(gittc) 

^loriM/Fnwiia 

1  US.EPATEF 

4.16&09 

130E-10 

6.63EM 

ISOE^ 

2J9&09 

Metals 

Aiuxnlnum 

1.80E4C 

5l15E-03 

6.49&04 

2S}E^ 

7MEM 

8.99E-04 

Antimony 

634E4H 

I^IE^ 

2Z8E^ 

1.08E^1 

3.10E-a2 

3.90E-03 

Anenie 

3i9E-Q3 

L03£^ 

1Z9E^ 

8^7&03 

148E-03 

3.12E-04 

B«rium 

8.79E^ 

.  251&4M 

3.16&05 

5^4£400 

6.60E-01 

Beryllhiin 

3.66&05 

LAS&OS 

1J2B-06 

1^E43 

4J7&04 

530E^ 

Boron 

2.68&02 

7.£5E-Q3 

9.63E-04 

3.63E-Q2 

li>4£-Q2 

IJIE^ 

Cadmium 

1.04E-04 

2^E-05 

3.76&06 

2.03E-03 

5.79E-04 

7.30E^ 

Caldum 

154E-01 

4-39E^ 

533E-03 

2.93&01 

8J6E-Q2 

1.05E-02 

Chromium 

2.47E-04 

7JD5E-05 

8.88E-06 

3.32E-04 

9.49E-05 

lZOE-05 

Cobalt 

7.89E-04 

2-25E-04 

2.84E-05 

8,13E-04 

132E-04 

2.93E-05 

Copper 

3J5E+00 

939E-01 

UlE-Ol 

6J5E^ 

1^400 

279E-01 

Iron 

4.77E-02 

136E-Q2 

1.72E-03 

8.13E-02 

2J2E-02 

2.93E-03 

Lead 

1.12E-03 

3-21E-04 

4.05E-O5 

333E-02 

952E-03 

UOE-03 

Lithium 

I.IOE-CH 

a.l4E46 

3.96E-06 

2.07E-04 

592E-05 

7.45E-06 

Magnesium 

1.43E-01 

AJ^E-C2 

5.14E-03 

2J9E-01 

6^1E-02 

8.59E-03 

Manganese 

6.16E-03 

1-76E-C3 

222E-04 

6^3E-03 

198E-03 

2-50E-04 

Mercury 

9.93E-04 

2^E-04 

357E-0S 

1.08E-01 

3.10E-02 

3.90E^ 

Molybdenum 

1.10E-Q2 

3.15E-03 

3^7E-04 

1.14E^ 

3Z5E-03 

4.09E-l)4 

Nickel 

2.86E-Q2 

&.1BE^ 

1.03E^ 

MTE-aZ 

8.49E-03 

1.07E-03 

Potassium 

1.14E400 

X25E^ 

4.09&Q2 

254140) 

724E-01 

9.13E-02 

Selenium 

9Z0E4O0 

Z£3£400 

3B1E-01 

920E400 

ZS3E4O0 

3.J1E-01 

Silicon 

138E-01 

432E-Q2 

5.70E-03 

l^&Ol 

5.41E-02 

6.81E-a3 

SUvcr 

932E4)2 

272E-(E 

3.43E-03 

1.08E400 

3.10E-01 

3.90E-02 

^|odium 

1.17E-f<I2 

334E401 

4^1E^ 

536E4C2 

139E402 

2.00E»01 

0ltrontium 

3.66E:^ 

MiSErCS 

132E-06 

5.66&<15 

li2£-05 

2.04E-06 

Thallium 

9Z5E-03 

2j64&Q3 

333E^ 

LOSE^l 

3.10E-Q2 

3.90E^ 

Tin 

8.09&C3 

2-31  E« 

2.91£^ 

8.79E-03 

231E^ 

3.16E-04 

Titanium 

6.10E45 

l-74E^ 

220E^ 

1.07E-04 

3i)7E^ 

3.87E-06 

Vanadium 

2:34E-Q3 

6.6SE-04 

8.42E-05 

2^£^ 

7.49E-(>4 

9.44E-05 

Yittrium 

NA 

NA 

NA 

2.14E-05 

6,llE-06 

770E-07 

Zinc 

1.63&C2 

4j65E-Q3 

5.86E-04 

334E-Q2 

934E-03 

120E-03 

Qigmia 

1,1  •EMchloPoethene 

3.81E-11 

li»E.ll 

U7E-12 

1 ,2*Dichloroethene 

2^&11 

757E.12 

933E.13 

1 ,2*Dichloropropane 

3i)7E-12 

8.77E-13 

l.llE-13 

1 ,3-E)lmethy  Ibenzene 

2.72E-06 

7J7E-09 

9.79E-10 

Acetone 

1.07E-11 

3il7E.12 

3.87E-13 

Anunonia 

3Z6E-Q3 

9JZE-04 

I.ITE^ 

Benzene 

1.40E^ 

3S9E4» 

5.03E^ 

Brcmomethane 

136E-08 

3-S9E-09 

4,90E-10 

Carbon  Tetrachloride 

434E.11 

124E-n 

136E-12 

Chlorobenzene 

3.37E^ 

9-62E-09 

UlE-09 

Chloroform 

6.87E-12 

136E.12 

2.47E-13 

Ethylbenzene 

4.08E^ 

1.17E-08 

1.47E-09 

Methanol 

1.63E-07 

4-63E-08 

5.86E-09 

Methylene  Chloride 

1.36E-08 

3-?;E-09 

4.90E-10 

Tetrachlorethene 

5.43E.10 

IJ5E.10 

1.95E.11 

Toluene 

6.80E-08 

li-4E-08 

2.45E-09 

Trichloroethene 

8.33E*11 

ZJ'SE-n 

3.00E-12 

^(ylene 

2.72E-08 

■”^-09 

979E.10 

^ftChlorophonylmothylsulfone 

2.52E-11 

"I’-E-i: 

9.0SE-13 

Bfchlorophenylmethylsulf  oxide 

9,40E-11 

2-69E-U 

3.38E-12 

4-Nltrophenol 

5.76E-11 

l^E-11 

2,07E.12 

Aldrln 

6.91E-12 

1^7E-12 

2.49E-13 

Atrazlne 

T54E-12 

4j;e-i3 

5  53E.14 
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TABLE 


1  (con'd)  •  E^MON  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 


!C«‘*go*y' 

_ Owi/yr) _ (gfmci 


Qrginla 


HydiDgtn  Cyanlds 

6.46&06 

1^&06 

2-32E-09 

Dieldrln 

1.42E42 

4.06&13 

5.11E-U 

DiUopiopyl  Methylphosphonate 

2,49E.10 

7.13E-11 

8.98E*12 

Dlmeehyl  Methylphoiphoiute 

5.95E-09 

1.70E-09 

2.14&10 

Dlmethyldisul^t 

6.91E.10 

1.97E-10 

2.49E.n 

Dlmethylphosphate 

1.63E^ 

4.66E-10 

5^7E-11 

Dithiant 

149&13 

7.13E.U 

858E.15 

Endrin 

138E.12 

3.95E.13 

457E-14 

Hexachlorocyclopenta  diene 

l^E-ll 

3.67E-12 

4.E3E-13 

Ifodrln 

3.64E-12 

1.04E.12 

lJlE-13 

Malathion 

536E-12 

159E.12 

2,00E-13 

Parathlon 

7.68E-13 

2.19E-13 

2.76E-14 

Supona 

230E.12 

6.58E.13 

829E-14 

Urea 

9.98E-07 

2.85E-07 

339E-08 

Vapona 

6.14E-12 

1.75E.12 

221E-13 

p.p-DDE 

1.15E-08 

329E^ 

4.14E-10 

p,p-DDT 

230E-12 

6.58E-13 

829E-14 

PIC«  W/  Spedflt  PreruTiMTa 

Vinyl  Chloride 

136E-07 

3.89E-08 

4^E-09 

Methyl  Chloride 

136E-07 

3.89E-08 

4^E-09 

Styrene 

136E-07 

3.90E-08 

4^IE^ 

Phenol 

7J7E-07 

2,nE-07 

2.65E4)8 

Benzaldehydt 

1.42E-07 

4.05E^ 

5.10E-09 

Benzoic  Add 

6.86£^ 

1.96E-06 

Zi7B4» 

Acetonitrile 

652E-10 

1.86E.10 

2J5E-11 

Acrybnltrlle 

6^2E-n 

1.86E.11 

2:»£*12 

Cyanogen 

632E-12 

h86E-12 

2:35E.13 

Hexachlorobenzene 

4.64E-10 

U2E-10 

l^TE-ll 

Pent!  chlorobenzene 

2.07E-10 

5.93E-n 

7.47E-12 

Tetnchlorobenzene 

8.75E.11 

2^0E.n 

3.15E-12 

Trichlorobenzene 

4.62E-11 

U2E-11 

1.66E-12 

Dichlorobenzene 

2.45E-11 

6.99E-12 

8.81E.13 

Biphenyl 

6J2&08 

1.95E-08 

2.45E^ 

4-ChloPob  Iphenyl 

7J8E-08 

2^5E-08 

2.84E-09 

4,4-Chloroblphenyl 

2.95E-10 

3.72E-11 

Benzonitille 

€JS2ErU 

1.86E-n 

2J5E-12 

Pyridine 

6J2£*12 

l.S6E^12 

235E-13 

Carbtzolc 

130&11 

3.73E.12 

4.7DE-13 

Quinoline 

32EE-n 

932E.12 

1.17E-12 

PICi  w/  Sperifle  Prteuwoa 

Benzofuran 

2.72E^ 

7.77E-08 

9.79E4)9 

Dibenzofujan 

3.SSE-09 

4.89E-10 

Acenaphthalene 

6.80&O8 

1.94E-08 

2.45E-09 

Acenaphthene 

6J0E-08 

1.94E-08 

2.45E^ 

Fluoranthene 

4.08E-08 

1.17E-08 

1.47E-09 

Phenanthrene 

2.72E-08 

7.77E-09 

9.79E-10 

Pyrene 

136E-08 

3  5'SE-09 

4S9E-10 

Fluorene 

1.36E-08 

3i3SE^ 

4.89E-10 

Benzo(a)pyrene 

1.36E-08 

3  ""£^39 

4S9E-10 

Di  be  nzo  (a  )a  nt  hra  cene 

1.36E-08 

3-SE^‘9 

4S9E-10 

Chrysene 

1.36E-08 

3  3^E-09 

4.&9E-10 

i 
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TABLE  1  (con'd).  EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 


ICitcgoiTi^ 

^  PoUbIaaI 

Umlyr) 

mri 

OoHlyr) 

Seneltlvltv  Case  (bl 
(W/hr) 

(gite) 

1  Cieee  4e  Other  Compounds 

Fiftlcukte  Matter 

1400 

400 

0.50 

1400 

400 

0.50 

Carbon  Monoxide 

471 

\2S 

0.17 

739 

308 

0.26 

Hydrogen  Qiloiide 

4.73 

135 

0.17 

14.00 

4.00 

o.so 

Hydrogen  Fluoride 

ai7 

0.049 

0.006 

0.32 

0.092 

0.012 

Nitric  Add 

3.85 

1.10 

0.14 

3.85 

I.IO 

0.14 

Nitrogen  Dioxide 

32.13 

9.18 

1.16 

14332 

40.92 

5.16 

Pboephaie 

3.44 

098 

0.12 

15.04 

430 

0.54 

Sulfuric  Add 

10.40 

257 

037 

17.34 

496 

0.62 

Sulfur  Dioxide 

24.43 

6^98 

0.88 

101.50 

29.00 

3.65 

(a)  These  esdinates  are  based  upon  the  acceptable  results  during  the  test  bum  for  dloxlns/furans  and  the  maximum  of  the  acceptable 
test  results  or  the  maximum  of  the  averages  waste  stream  data.  The  or;ganics  emissions  are  based  upon  Dellinger's  analysis  of  the 
maximum  of  the  averages  wastestream  data. 

(b)  For  metals:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum,  the  maximum  of  the  maximum  values  from  the 
wastestream  data,  and  the  EPA  Guidance  Tier  H  limits  for  complex  tenain. 

For  dloxlns/furans:  based  upon  the  95%  confidence  interval  from  WESTON's  hazardous  waste  incinerator  emissions  database. 
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TABLE  3 


'  All  chemicals  evaluated  in  this  analysis  will  be  excluded  from  the 
surface  water  pathway  in  the  risk  assessment. 
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new 

TOIIC 

tTOKAOC 

AftCA 


neo  ANO  omn 
clus  ^ono 


S5fc. 


(A)  Area  of  ittaximum  total  deposition  (residential);  (B)  Area  of 
maximum  dry  deposition  and  maximum  ambient  groundlevel  air 
concentration  (residential);  (C)  Area  of  maximum  total  deposition 
for  local  cattle  farm;  (D)  A  m.aintenance  wor)cer  on-site  exposed 
to  area  weighted  total  deposition  and  ambient  groundlevel  .^ir 
concentrations . 


TABLE  4A 

Rodijr  MoufUin  Antnal  (RIIA) 
8kp»  Faoon  for 

(npl9^d«jr-1) 


EPA 

(ARC 

Inhaliten 

Referenoior 

Ord 

Relefenceor 

Dermd 

Ctrdnogtnidty  Cvcrogenlcfty 

Roun 

Btaitol 

Route 

BMtod 

Routo 

PdKiam 

Q«sifcaiion 

Clmficitjon 

Slope  Fedor 

Inhaklion 

Sbpe  Fedor 

Slope 

Fedor 

Oral  Slope 

Fedor 

Slope 

Fedor 

Orjmim 


Aorylontrlie 

B1 

2A 

2  406-01 

IHSBI 

S.40E41 

IRIS.  1990 

NC 

Alditi 

B2 

a 

1  70E>01 

iRlS,  1900 

I.TOE^OI 

IRIS.  1990 

3.406^1 

Benzene 

A 

1 

2  906-02 

iRiS,  1990 

2.90E-02 

IRIS.  1990 

NC 

Ca/bezole 

82 

3 

2.006-02 

OSF 

^00E-0^ 

EBASCO.  1990 

4.006-02 

Ce/bon  Tet/odtloride 

B2 

28 

1.306-01 

IRIS.  1990 

1.30E.01 

IRIS.  1990 

NC 

CMorotorm 

B2 

26 

6.10E-03 

IRIS.  1990 

NC 

DOE 

82 

3.406-01 

OSF 

3.40E-01 

IRIS.  1990 

6.806-01 

DOT 

82 

26 

3.40E.01 

IRIS.  1990 

6.006-01 

1.4-OichlorQbenzene 

82 

26 

a40E-02 

EPA,  1990 

NC 

l.t-Diehioroithm 

C 

1^6*00 

IRIS,  1900 

6.006-01 

IRIS,  1900 

NC 

I^Z'DicMoroprapm 

82 

3 

6.806-02 

ORD  EPA.  1900 

6.806-02 

ERA.  1900 

NC 

Dialdti 

82 

3 

1.60E^01 

IRIS,  1990 

1.606401 

IRIS,  1990 

3.2OE4OI 

Diotine/Furana  {n  2,37.6  TCOO) 

82 

26 

1.13E*05 

EPA.  1090 

1.50E40S 

EPA,  1900 

3.XE4O5 

Heichlofubenzene 

82 

26 

veoE^oo 

EPA,  1990 

I.6OE4OO 

ERA,  1990 

3.206400 

Metfryl  Chloridi 

C 

3 

1.306-02 

ERA.  1090 

NC 

Mettylvw  Chloride 

82 

1406-02 

EPA.  1990 

7.506-03 

ERA,  1900 

1  NC 

PAHi 

- 

- 

- 

- 

- 

- 

- 

Benzof^pyivne 

82 

2A 

6.10E«00 

EPA  1986 

1.156401 

ERA.  1966 

Z306401 

Chryiene 

82 

■BH 

EPA  1986 

1.15E401 

ERA.  1966 

2.3OE4OI 

Dben2o{a}arChraoene 

2A.3 

6/0E*O0 

EPA  1986 

1.15E«01 

ERA.  1666 

i30E401 

Parathion 

C 

Ouinoine 

c 

^2CE^i 

ORO 

I.2O64OI 

ERA,  1990 

Z40E.01 

STyrerte 

82 

26 

2:06^3 

£=4.  1990 

3.006-02 

ERA,  1980 

NC 

TetracMorotfhene 

82 

5.106-02 

ERA,  1990 

NC 

ThcMoroethone 

82 

3 

^  •36  02 

E?A  1990 

1.106-02 

ERA.  1960 

NC 

Vapona 

82 

3 

r  x)60i 

ORD 

2.906-01 

IRIS,  1990 

5.80E-01 

VnylCtilorde 

A 

1 

2  356  01 

E^A.  1990 

2.30E.O0 

ERA.  1900 

NC 
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TABLE  4A  (continued) 


fWqr  Ueuitiin  AraMHi  (RtM) 
Slopi  FacM  lor 
CttdnopirycHMlhEflm 


EPA  (ARC 

InhiUtion 

HflMnoier 

0r« 

Rafamnotar 

Owme 

Ca/cinoQaocfty  CaffiinoQanidty 

Aouli 

Umti 

Aouto 

Baiiid 

Aouto 

Poftttnl 

dMiAcation  Cteiifcaiion 

SbptFador 

InhaMion 

Stopt 

Oral  Stops 

Stops 

Slept  Factor 

Faaor 

Factor 

Factor 

tnorptnici 

Aninic 
toytftfn 
Cadmium 
Chromium  (VI) 

Laad 

MMiaiMiubifiali) 


A 

1 

1.S0E«01 

IRIS.  1M0 

1.75E+00 

ERA.  1990 

3.50E+01 

B2 

B.40E«00 

IRIS.  1»90 

4.30E400 

IRIS.  1990 

e.80£«0l 

B1 

ZA 

6.IOE4OO 

IRIS,  1900 

NC 

NC 

A 

1 

4.10E«01 

IRIS,  1990 

NC 

- 

NC 

2B 

A 

1 

2.00E-02 

IRIS.  1990 

NC 

- 

NC 

NC  *  Not  of  concern 
NE  *  Not  evaluated 
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TABLE  4B 


Aodcy  Mpurtiin  Ariinij  (RMA) 
Riftnnei  OoMi  (RfDt)  for 

4^1 - 1 - 1^ 

(mpAtgdd^r) 


Inhaialion 

Relertnoe  or 

Oral 

Relerenoe  or 

Dermal 

Route 

Basis  of 

Route 

Basis  of 

Route 

Poiliunt 

RIO 

Inhaiation  RfO 

RID 

Oral  RID 

RID 

Otpirta 


Aoitor)# 

1,fl2E*00 

ACGIH-7WA 

1.00E-01 

NC 

AoMorvtnIe 

1.00E-02 

£PA,t990 

6.00E-02 

EPA,  1990 

3.00E-02 

Acrylonthie 

4.39E-C3 

ACGIH-TWA 

2.70E-O4 

Oenved 

NC 

AMrr 

2.5SE-04 

ACQIH-TWA 

3.00E-05 

IRIS.  1900 

1.50E-05 

Atrcne 

5.10E-03 

ACQIH-TWA 

5:00£^3 

IRIS.  1990 

2.50E-03 

Bonzaioehyde 

1.00E-01 

Oral  RID 

1.00E-01 

IRIS.  1990 

5.00E-02 

Bonzene 

3^-02 

ACQIH-TWA 

1.00E-03 

Derived 

NC 

Bortzofuran 

5.00E-03 

Ora)  RfO 

5.00E-03 

Derived 

2.50E-03 

BenzocAdd 

4.00E^0 

Oral  RfO 

4.00E400 

IRIS.  1990 

2.00E+00 

Bonzonitriie 

8.00E-03 

Ora)  RfO 

B.OOE-03 

Oenved 

Bphonyl 

1.33E-03 

ACQIH-TWA 

5.00E-02 

EPA,  1990 

NC 

BromometharM 

1.71E-02 

EPA.  1990 

1.40E-03 

IRIS.  1990 

NC 

CartMzafe 

iOOE-OS 

Ora)  RfO 

5.00E-03 

Oenved 

150E-03 

Carbon  Totrachlondo 

3.16E-02 

ACQIH-TWA 

NC 

ChloroOinzano 

S.OOE-Oa 

EPA.  1990 

2.00E-02 

IRIS,  1990 

NC 

a-Chkyodphonyt 

2.4SE-02 

Ora)  RfO 

2.ASE-02 

Derived 

1.22E-02 

4.4'-Chiorebdftanyf 

2.33E-02 

Oral  RfO 

^^3E-02 

Derived 

1.16e-02 

Chloroform 

5.00E-02 

ACQIH-TWA 

1.00E-02 

IRIS.  1000 

NC 

4Chlorophtnytmathyliullone 

1.988-02 

Oral  RfO 

9.00E-03 

AChtorophtnytmMhyOuVoiibe 

1.06E-O2 

Ora)  RfO 

1.96E-02 

EBASCO.  1990 

9.90E-03 

ODE 

S.OOE-04 

Ora)  RfO 

5.00E-04 

IRIS.  1990 

DOT 

1.02E-03 

ACGIH-TWA 

5.00E-04 

IRIS.  1990 

2.50E-04 

Dibanzofuran 

Dichlorebaruerte 

4.00E-02 

EPA.  1900 

9.00E-02 

EPA.  1990 

NC 

1,4-Dicfilorabefizen6 

l.t-Oichtoroethene 

2.04E-02 

ACG‘^  "A A 

9.00E-02 

EPA.  1990 

NC 

1  ^-Dichioroetheneltotal) 

2.00E-02 

Ora:  R:0 

9.00E-03 

IRIS.  1900 

NC 

IZDichioropropane 

3.S4E-01 

IRIS,  1990 

NC 
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TABLE  4B  (continued) 

rWqrHauMAfMMlffttU) 

IMmi  Dom  9Wi)  lir 
NowaranogwIcIlMaiglltai 


InhilHian 

MtfioGiQr 

M 

Mannoior 

Oamiri 

RouM 

6«»d 

Rouit 

Mef 

Roma 

no 

inhiittionnD 

no 

Oral  no 

no 

OMMi 

2.55e-W 

ACQIM-TWA 

5  006-05 

mis.  1900 

tSOE-05 

Oiiupropyl  U«hy0hotphooaia 

6.:oe^ 

OralRfD 

8.006-02 

tRI6. 1990 

4.006-02 

l.3-Oir7«tnybanzana 

2.00£<01 

EPAim 

5.006-02 

OwlMd 

2.506-02 

DimaOiyldisuirda 

8.106^ 

OriiRfO 

8.106-03 

EBASCO.  1990 

NC 

OimMhyi  Ua(hy^^Qiphonata 

1.806-02 

Oral  no 

1.806-02 

EBASCO,  1990 

0.006-03 

Dinathy^hoaphtta 

6.71E42 

Oral  no 

871E-02 

0«Md 

4  366-02 

Oksim/Fumna  (at  2^7,6  TCOO) 

1.006-09 

Oral  no 

1.006-09 

ATSDR.1969 

5.006-10 

Oithtew 

1.006-02 

Oral  no 

1.006-02 

EBASCO.  1990 

5.006-03 

Endrtt 

1.02E.M 

AOQIH-TWA 

3.006-04 

mis.  1900 

1.506-04 

Ethytanzana 

4436-01 

AOGIH-TWA 

1.00E-01 

IRIS.  1900 

NC 

Haiachtofobafliana 

8.006-04 

Oral  no 

8.00E-04 

IRIS.  1090 

4.006-04 

NaiacMofocydopantadiana  (HCCPO) 

2.006-05 

EPA,  1990 

7.006-03 

nis.iooo 

3.506-03 

laoM 

7.006-05 

Oral  no 

7.006-05 

EBASCO,  1900 

3.506-05 

MaliltuDn 

1.026-02 

ACGHTWA 

Z006-02 

IRIS.  1900 

1.006-02 

Mathanaf 

2.676-01 

ACGiH-TWA 

5.006-01 

IRIS.  1990 

2.506-01 

MatfrylChlorida 

1.056-01 

AOGIH-TWA 

1.806-02 

0«i««d 

NC 

UalhyianaChlarida 

8.57E-01 

EPA  1(90 

6.006-02 

EPA  1900 

NC 

i^fitraphand 

^S0E« 

Oraino 

2.50E« 

0«iMd 

125E-03 

PAHi 

- 

- 

- 

— 

Aflanapmhalana 

6.006-02 

Oral  no 

6.006-02 

IRIS.  1900 

3.006-02 

Aoriaphthana 

6006-02 

Oral  no 

6.006-02 

EPA  1900 

3.006-02 

Banzofi^pyrina 

3  006-02 

Oral  no 

3.006-02 

IRIS.  1900 

1.506-02 

Cho'tana 

3.006-02 

Oral  no 

3.006-02 

IRIS.  1900 

1.S0E42 

Obanzo{a]amhrioaAa 

3.006-02 

Oral  no 

3.006-02 

IRIS.  1990 

1.506-02 

Ruoranthana 

4  00E-02 

Oraino 

4.006-02 

EPA  1900 

aooe-02 

Ruorana 

4.006-02 

Oral  no 

4.006-02 

IRIS.  1000 

2006-02 

Phananthrana 

3.006-02 

Oral  no 

3.006-02 

EPA  1990 

1.506-02 

Pyraoa 

3.006-02 

Oral  no 

3.XE-02 

IRIS.  1900 

1.506-02 

Pa/aifiion 

5106-05 

UJ 

or 

e.ooE’Oa 

EPA  1900 

3.006-03 

Pamadikyobanzana 

8  006-04 

O^aJ  no 

8.006-04 

IRIS.  1900 

4.006-04 
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TABLE  4B  (continued) 


IWi|rMounMnA«tMl(RMA) 
Mifwoi  OoMi  (nOi)  lor 
^fcwBBBinBQWiic  HmBi  Eftwli 


InUlitian 

Rtitrtnotor 

Rtftrtnotor 

Otmtif 

Routt 

BttJid 

Routt 

Btsitof 

Routt 

Pdlutard 

RfD 

Inhaitlion  RfD 

RfO 

Oral  RfD 

RfD 

Phml 

Pyridint 

Quinoirw 


Styrvn* 

S(4)ona 


Titmchlofgbenztnt 

T«;achioro6(htn« 

Toiuvnt 

TrichiorQbtnzfnt 
TncNorottrww 
Umt 
Vipona 
Vinyi  Chloridt 
XytanM  (tatiJ) 


1.»4£-02 

ACQIH-TWA 

6.00641 

RiS.  1900 

3.00641 

1.B3£^ 

ACQIH-7WA 

1.00E43 

RtS.  1960 

NC 

2.00641 

OrtlRID 

2.00641 

RI6.1900 

1.00E41 

^17E^)1 

ACOIH-TWA 

^00641 

RIS,  1900 

NC 

1.S0E44 

Ora)  RIO 

1.50644 

6BASCO,  1900 

7.50645 

3.00644 

Oral  RfD 

3.00644 

RIS.  1000 

1.50644 

3.46641 

ACQIH-TWA 

r.OOE42 

RIS.  1000 

NC 

5.71E41 

EPA.  1900 

^00E41 

RIS,  1900 

NC 

3.00643 

EPA.  i»go 

2.00642 

EPA.  1900 

1.00642 

2.74641 

AOGIK-TWA 

7.35643 

EPA,  1087 

NC 

8.47E42 

Oral  RfD 

8.47642 

Dtnvtd 

4.28642 

8.00644 

Oral  RfD 

8.00644 

RIS,  1000 

4.00644 

1.33642 

ACQIH-TWA 

iJOEes 

OwvM 

NC 

8.57E42 

EPA.  1990 

2.006400 

EPA,  1000 

NC 

inoiyanci 

Alumntfn 

Ammona 

Artirnony 

Amaic 

Barium 

Baryliiri 

Boron 

Cadmium 

Caicum 

Chromum  (111) 

Chromum  (VI) 

Cob«t 


2.04643 

ACQIH-TWA 

NE 

- 

NC 

1.73642 

ACGIH-TWA 

NE 

- 

NC 

5.10644 

AOQIH-TWA 

4.00644 

RIS,  1900 

^00645 

2.04644 

ACQIH-TWA 

1.00643 

EPA.  1990 

5.00645 

1.00644 

EPA,  1990 

7.00642 

RIS,  1900 

3.50643 

2.04646 

ACQIH-TWA 

5.00643 

RIS,  1990 

2.50644 

4.1tE4)3 

ACGIH-TWA 

N6 

NC 

5.10645 

ACGIH-TWA 

1.00643 

RIS.  1900 

NC 

1.46643 

ACQIH-TWA 

NC 

- 

NC 

5.10644 

ACGIH-TWA 

NE 

- 

NC 

5.10645 

ACGIH-TWA 

5.00643 

RIS,  1000  i 

NC 

5.10645 

ACGIH-TWA 

2.30E4)3  * 

Oem^ 

NC 
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TABLE  4B  (continued) 


Rodcy  Uouriain  Amnai  (RMA) 
fWtfMiDaMi(RfDDfBr 
Nonovdnooarye  HadBi  EliMfe 


Rout* 

PoOuirt  fVO 


Rer«<»0GiQr 

Ortf 

Rtftrtnoior 

Dtrmri 

Basjs  d 

Routt 

StMOf 

Routt 

In^iaior.  RfD 

KO 

OrajRfD 

no 

Coppw 

1,OOEC2 

E=A>CO.  ‘»0 

3.806-02 

EBASCO,  1990 

1  906-03 

Cytno9on 

Z14c^2 

As:o  -  "iVA 

N6 

- 

NC 

Hydroetn  Cytnbt 

S.nB^3 

ACG  «  ’WA 

NE 

NC 

bon 

1  C2E-03 

ACG  -^  rWA 

NE 

- 

NC 

LMd 

<3C£->* 

E3ASCO  ’990 

1.4C€-03 

EBASCO,  1990 

7.30e-05 

UhMin 

V00£^ 

Dorvtd 

NE 

- 

NC 

Utonatium 

6. 156-03 

ACG.n-TWA 

NE' 

NC 

UinparMM 

3  00E-W 

E=>A,  1990 

NE 

- 

NC 

M«cury 

0.57E^5 

E^A,  1990 

3.006-04 

EPA.1990 

1.50E-05 

MoiyMtnum 

5.10e-03 

acg.htwa 

NE 

- 

NC 

NkM 

102E-04 

ACG.rt-rWA 

NE 

- 

NC 

Phoapftata 

NC 

- 

NC 

Pottuium 

NC 

— 

NC 

Satonwni 

Z046-G4 

ACGim-TWA 

3.00E-03 

EPA.  1990 

1.S0E-04 

Sion 

5.106-05 

A03>-*WA 

NC 

- 

NC 

SiMT 

1.026-05 

ACX3  H-^^A 

3  006-03 

mis.  1990 

1  506-04 

Scdtin 

NC 

- 

NC 

Stromium 

NE 

- 

NC 

Thalum 

1.C2E-W 

ACGn-TWA 

7.006-05 

EPA.  1990 

3.50E-06 

Tr 

ZO^-03 

ACG.nlWA 

NE 

- 

NC 

TUmm 

6.11E-03 

ACO-’WA 

NE 

- 

NC 

Vanadium 

5.106^5 

ACG  .r  n^A 

7.006-03 

EPA.  1990 

NC 

Ytewin 

1026^3 

ACG  -  ^A 

NE 

- 

NC 

Zinc 

8  196  C3 

2.0C6-01 

EPA,  1990 

NC 

Page  4 


6A-58 


TABLE  4B  (continued) 


Rocky 

i^tar 


Inhatation 

Roformcior 

Orb 

Ra<orancior 

Oormb 

Rooti 

Basoof 

Room 

Baas  of 

Roma 

Pollutafli 

RfO 

Inhalation  no 

no 

OralRfD 

RfO 

OfmMiOmm/ 

OrfevfaPoluM 

Co/tor  Monox  bo 
Hydrogon  Chbrbo 
Hydragon  Fluorbo 
NlricM 
Nitrogw  Oxidoi 
Partioiato  Manor 
Siilur  DiGRba 


5.81E-02 

A0Q1K-7WA 

7.6SE^ 

ACGIH-7WA 

2.6SE-03 

AOQIH-TWA 

5  30E-03 

ACOIH-TWA 

2.8£E^ 

NAAOS 

i2ae^ 

NAAOS 

2296-02 

NAAOS 

NC  *=  Not  of  concern 
NE  =  Not  Evaluated 
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TABLE  5.  Exposure  Parameters*  to  be  Used  In  Human  Health  Risk  Assessment 

Rocky  Mountain  Arsenal  (cont'd.) 
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TABLE  5.  Exposure  Parameters*  to  be  Used  in  Human  Health  Risk  Assessment 

Rocky  Mountain  Arsenal  (cont'd.) 
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SENT  BY. A 


;ie-19-90  7:ilOM  ; 


3e32947S5&4 


2154307401: »  2 


UMTED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

REGION  VI 

999  18th  STREET  -  SUITE  600 
DENVER,  COLORADO  80202-2406 


OCT  *  ® 


Rtf:  8HWM-FF 


Donald  campbtll 

Office  of  the  Program  Manager 

ATTN:  AMXMR-PM 

Rocky  Mountain  Areenal 

Commerce  City,  Colorado  80022-2180 


Rt:  Rocky  Mountain  Arsenal 
(RMA),  Basin  F  Liquid 
Incinerator,  Comments  on 
Air/Risk  Assessment 
Protocol • 


Dear  Mr.  Campbell: 

In  General  we  found  that  this  document  adequately  addresses 
the  Air  Modeling  and  Risk  Assessment  for  the  Basin  F  incinerator. 

The  current  lack  of  information 

JSrSlt^Sn^Sf^BaiJfrUqrid^lJdlSS^liheJJcarrJa^ 

w!ISl5IiSns®friS®thn''riJk'ilMasment‘can^^^  drawn  from 

the  results  of  the  proposed  modeling  effort  or  reiatea  r 
assessment. 

oreeented  will  be  (with  the  minor  revisions  as 

in  exhibit.  *  and^B) 

?Jcl[i«a?Sf  fJw  ^h.  trial  burn  (a. a  Dacl.lon  Docum.nt,  S.etion 
9.2.2,  page  9-5  thru  9-8). 


Sincerely, 


E*  Mears 

I  EPA  Coordinator  for  RMA 
Cleanup 
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SENT  BY:fi 


;  10-19-90  7:i2.;;w  ; 


30:;29475S5-> 


2154307401;  «  3 


•nelotur*  ^  ^ 

cc»  Glann  Tuck«r#  ATSDR 

Robert  ATSDR 

Brue«  Husnvfsldf  RMA 

Major  Larry  Rouaa,  DA  .  , 

Brad  Bridgavatar,  Dapartmant  of  Jcatiea 

David  shalton#  CDH 
Jatf  Zdton»  CDH 


Bilan  Manglona,  CDH 

Vicky  Patara,  Colorado  AC  a  Officw 

Robart  0»  Marwick,  Waaton 

Lou  Millitana,  Waaton 

Chria  Hahn,  Shall  Oil  Company 

Gaerga  Roa,  Shall  Oil  Company 

all  with  anclosura 
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SENT  BYtfi 


; 10-19-90  7:i2fiM  ; 


303294755S-» 


2154307401; «  4 


EXHIBIT  A 

Anblont  Air  Quality 


CmSllAL  COMMSNTSx 

Sisr™.  »;s 

approprittt  modal  for  thla  applicution.  ,  .  , 

SPECIFIC  COMMBHTS:  - 


fcv- 


^  4,  1  0.^.  1  4  Tabla  1-1  spaeify  •’all  othar  compounda". 

Commant  ;  -  "bocLan't~(  DD^ .  a  haiardouj  waata 

IncinaJator  must  aehlava  tha  RCRA  dJaUnltid 

?i!2  tJi:  v«  i. 

raquirad  to  damonatrata  the  incinerator 'a  ability  to  achieve  the 
DD  performance  raquiramanta. 

7.  Paaa  2-1-  2nd  Paraoraph  Daaeriba  the  ’’preliminary 
- reviav"  conducted  to  determine  the  area ’a  claaaification. 

The  area ’a  claaaification  ahould  be  J!!*c4S'’t^i?*'the 

of  the  potential  receptora.  The  weat  and  south 
arsenal,  where  moat  to  the  eenaitive  receptors  will  moat 
likely  be  located,  are  urban. 

Give  a  description  of  the  claaailication  of  Auer. 

rnmmmnt  5  Paos  2-1  3rd  Paragraph  >fote  that  channelling  due  to 

- buildinga%r  vaileya  can  le^ ^®.*'^f’'*JhS®Ii^Ill^*^Xcain^*'a" 

pr.dlet.d  by  ...umin?  it 

H®«eriDtion  of  tho  gtographical  Dotting  in  tno  orom  it 

needed^  as  well  ae  a  consideration  of  the  locations  of  the 
eenaitive  receptors  in  the  area. 

i.  P...  l^l.t  th.  yrimary  pollufnt. 

*“  for  which  concentrations  will  be  predicted. 

—  e  bsma  7_7  ird  Paragraph  The  WESDEP  allows  for 

?.  P.g.  2  a,  grd  ^  th.  are.r 

Thi  t.?r»ln  »dju.tment.  .hould  b.  u..d  to  mor.  .eeur»t.ly 
«i=Intr.tlon.  of  PoUut.nt.  to  th.  .outh  and 

west  of  the  arsenal  (i.e..  Commerce  City 

Describe  how  the  terrain  adjustments  are  utilized  in  the 

WESDEP . 
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on  4^ 


v:i,3Hri  ; 


3032947555-> 
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Comwnt  g«  Paoa  2-4.  1»t  Paragraph  tnelud*  In  th#  t«xt 

or  411  ineludaa  output  o£  tho  WESDEP  »od«l  (!•••» 

will  output  Includo  motoorologlcal  data  lor  apacific  day# 
hlghaat  and  aacond  hlghaat  coneantratlon  valuaa#  ate*/* 


Commant  7*  Paaa  2-7.  2nd  Paragraph  Wiat  araaa  will  ba 

daaignatao  aa  aanaltiva  racaptora?  What  ara  tha  aanaltiva 
racaptora  in  tha  araa?  Praaant  a  figure  ahoving  tha 
rocoptor  points  for  ths  arsA#  Inoluds  ths  rscsptor  points 
that  will  be  locatad  in  aaniitiva  araaa*  Show  what  aach 
eanaitiva  araa  rapraaanta* 


Coremant  8 «  Tha  ovarall  diaparaion  modeling  protocol  appaara  to 
ba  aatiaf aetory •  Tha  uta  of  BPA  1SC8T  modal  for  tha 
inhalation  concantrationa  followe  EPA  racommandations.  Tha 
uaa  of  tha  WESTON  WESTDEP  modal  for  wat  and  dry  calculations 
ia  acceptable  for  risk  aeaaasmant  from  Superfund/ECEA  type 
analyaaa. 

Tha  use  of  National  Weather  Service  (NWS)  data  (1985- 
1989)  from  Stapleton  Airport  is  acceptable*  Tha  Proposed 
receptor  grid#  including  a  refined  receptor  grid  with  100 
meter  resolution#  is  satisfactory*  The  modeling  of  ve^. 
deposition  during  precipitation  events  la  correct*  The*  plan 
to  use  different  surface  rcughnais  lengths  for  each  receptor 
should  include  calculation  of  surface  roughness  along  the 
path  from  tha  stack  to  each  receptor*  Tha  protocol  did  not 
address  tha  issue  of  dispersion  modeling  and  risk  aaaassmant 
for  short  term  upset  conditions.  Malfunction  upset 
conditions  can  produce  high  eonciintratlons  during  a  short 
time  period* 


SENT  BV:A 


;i0-19-90  7:140m  ; 


.■Je3:?947SS5-» 


2154307401 ;«  6 


EXHIBIT  B 

Health  Rifle  Asseuement  Protocols 


GENERAL  COMMENTS: 

1 .  The  Risk  Aesefsment  Protocol  is  coroprehehslve  with  clearly 
stated  objectives.  The  following  specific  cogent s  apply 
primarily  to  issues  needing  furthsr  clarification. 


6PSCIPIC  COMMENTS: 

1  p»am  3-1.  Bullet  5  The  risk  assessment  should  not  be 
concerned  *  with%Ke  ’’technological  feasibility  of  lowering  (or 
raising)  limits**  for  ths  propossd  incinsrator* 

Comment  Pace  3-2  Me  suggest  that  the  DD  should  be  consulted 
for  reference  concerning  acceptable  air  concentrations  (see  page 
9-1  thru  9-7). 

Comment  3.  Page  3-2  It  is  not  clear  why  the  authors  have  chosen 

- to  break  out  the  assessment  of  acute  health  effects  into  its 

own  section.  Normally#  acute#  subchronic  and  chronic 
effects  are  dealt  with  in  the  to>:icity  and  risk 
characterization  sections  of  the  riek  assessment. 


Comment  a.  Paoe  3-3  Contamlnent  identification:  Historical 

deta"  which  is  intended  for  use  :Ln  the  risk  assessment 
should  be  clearly  defined  and  referenced.  It  aeeme 
although  information  regarding  the  waate  stream  might  be 
useful  supporting  information,  the  central  quastlon  is:  what 
is  ths  nature  and  rate  of  incinerator  emlasiona? 


Comment  5.  Paoe  3-3  Contaminant  Identlf ieation:  provide 

- references  for  ' the  source  of  information  regarding 

"anticipated  destruction  removal  efficianciea  (DRE)  . 


Commant  6.  3-3.  first  bullat  What  historical  periods  will 

be  used  to  determine  initial  emissions  data?  Which  parties 
will  partielpats  in  finalizing  axpoaure  parametara  and 
acenarloa  and -when  ia  that  likely  to  occur?  Guidance  on  _ 
this  is  contained  in  the  DD,  Section  9. 


The  term- -^hazard  lnd«"  pertains  to  non-carcinogens. 
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1.  P«a«  3-3  eo«iia«r  «  P»th«y  l»olua.»  deposition 
of  contaminant*  on  laafy  va^atabla*  alto. 

w*  tuocatt  that  information  davalopad  in  tha  Humw  Health 
Expoaura  Xtaaeamant  ahould  ba  used  for  applicable 
contaminant*  (already  davalopad  and  chacJcad). 

line  8  How  will  background 


Comment  8.  .  latt  -paragraj 

■  ""iavala  be  daterroinad? 


9  Pace  3-4  Contaminant  identification:  Plea**  provide 
?ataranc2H37  the  .ource  of  information  regarding  "accepted 
thooriti  of  destruction  and  refer tiat ion  • 

Exactly  how  the  relationship 

predicted  emission  rate*  will  result  ^ 

pollutants  of  concern  is  explained  in  the  DD.  A  statement 
referencing  this  in  the  risk  assessment  protocol  might  be 
added  for  clarification. 

Please  explain  the  rational#  for  J^ot  assessing  non- 

carcinogenic  risk  through  the  *0}^  ^ler  1 

pathways.  Please  provide  a  brief  description  of  the  Tier  1 

analysis  for  the  reader. 

comment  10.  Pace  3-5.  Section  3.3.  second  B^g^graph,  ;ine_3 
- Should  read:  ‘'duration  of  toxic  vaiuee”  (?) 

The  Human  Health  Exposure  Assessment  (ExA)  contain*  toxicity 
value*  for  most  chemical*  likely  to  be  of  concern.  We 
recommend  that  these  be  used  rather  than  deriving  new  ones. 

We  commend  the  use  of  reasonable  maximum  exposure  value*. 
)44he  sure  the  value*  used  in  this  deliverable  are  consistent 
vith  the  RME  values  that  were  used  in  the  Exposure 

;tt.ch^,  exjiwt  c  .nd  tho..  .1 
Chris  Weis,  of  this  office,  (ph.  303/294-7655),  that  were 
developed  for  the  off -post  RI. 

rnmm«nt  11  Psos  3-5  Toxlcity  Assessment:  Contaminant*  or 

.xpected^contaminant*  for  '^I'J^jL^J^IintifiSd^to'the^EPA 
toxicity  art  availabla  ahould ^^idtnt if ltd  to  tht  EPA* 


Paoe  3-6  Exposure  assessment:  The  final  paragraph 
"on  page  3-6  i 


;Krii:jciuc-.xpo.ur.  p.r.m.t.r. 
Will  be  employed  when  available.  The  use  of  such  site 


ipiciue  mutt  b.  approved  by  the  EPX  prior  t. 

Im  Si  c'on.l.tent  vith  thoa.  .ppli.d  to  th. 
on-post  Exposure  Assessment. 
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CoBimTit  13.  Pag#  3-5  *  3-6.  Section  3.4..  1  Th^r#  i*  no  •ctnario 
(RMIE)  which  conllitio!  "an  in5lviau»l  currently 
living  within  th«  arnm  vhtr*  th#  ciflact  on  tho  air  quality 
will  ba  maximal"* 


Commant  14.  ?aqa  3-7  to  3-15  Excapt  for  darmal  •xpoauM,  nona 
^  of  tha  axposura  acanarloa  appear  to  eoneldar  abeorbtlon  or 
bloava liability  factors,  will  a  factor  of  "ona"  ba  aaaumad 
throughout?  Tha  darmal  axposura  '^aluas  usad  ara  too  low, 
chaeJe  than  against  those  values  uuad  in  tha  ExA  attached. 

Comment  15.  Pace  3-9  Exposure  Assessment;  The  authors  apply 

- Boll/dust  Ingestion  rates  derived  from  19B9  Exposure  Factors 

Handbook.  Please  see  OSWER  Directive  9850.4,  January  27, 
1989,  "Interim  Final  Guidance  lor  Soil  Ingestion  Rates". 

Estimates  Of  uptake  of  contaminants  into  garden 
vegetables  should  ba  based  on  empirical  data  derived  from 
Travis  and  Arms  (1968). 

The  fraction  of  homegrown  fruits  and  vegetables  which 
may  ba  Ingested  by  a  farm  family  should  be  assumed  to  ba 
901. 


Comment  16.  Pace  3-11  Exposure  Assessment;  It  seams  vary 

unlllcaly  that  exposure  to  surface  water  will  occur  at  tha 
rate  indicated  on  page  3-ll  of  tha  Risk  Assessment  Protocol. 
To  our  knowledge,  no  one  in  the  area  is  presently  using 
surface  water  as  a  primary  drinking  water  source. 


Comment  17.  Page  3»15.  Section  3.S.1^I  What  will  ^  the 

•xposur#  duration  considarafl for  noncarclno^onlc  af facta? 

Comment  16.  Pace  3-16  Use  of  a  "quantitative"  uncertainty 

analysis  is  not  recommended .  See  Risk  Assessment  Guidance 
for  Superfund  (RAGS),  Page  8-19. 

Re:  acute  health  effects.  The  assessment  should  consider 
other  health  effects  that  are  not  related  to  Inhalations, 
like  burning  eyes,  etc. 


Comment  19.  Exposure  Assessment: 

- factors  from  EPA-503/8-89/002, 

applicable. 


Please  apply  Bloeoncentration 
September  1989  where 


comment  20.  Exposure  Assessment:  Much  Information 

regarding  the  transfer  of  metals  (particularly  lead)  ^jom 
maternal  sources  to  breast  milk.  It  will  not  be  acceptable 
to  dismiss  this  pathway  for  the  proposed  incinerator. 
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WESTON  WAY 
WEST  CHESTER.  PA  19380 
PHONE  215-692-3030 
TELEX  83-5348 

December  26, 


1990 


Rocky  Mountain  Arsenal 
Building  11 

Commerce  City,  CO  80022-2180 

Attn:  Mr.  Bruce  Huenefeld 

Office  of  the  Program  Manager 
AMX  RM-PM 

PRAC  Contract  No.  DACW45-90-0015 
Delivery  Order  5001 
DCN:  3886-44-01-AATT 

Subject:  Rocky  Mountain  Arsenal 

Basin  F  Liquid  Incinerator 

Response  to  Comments  on  WESTON  Air  Model/Risk 
Assessment  Protocol 

Dear  Mr.  Huenefeld: 

This  letter  summarizes  WESTON'S  responses  to  the  protocol  review 
prepared  by  EPA  Region  VIII  and  received  by  WESTON  on  19  Oct  90. 
We  hope  EPA  and  RMA  concerns  have  been  adequately  addressed  while 
maintaining  as  much  consistency  as  possible  with  the  previous 
published  on-site  and  off-site  exposure  assessment  work.  Attached 
is  a  revised  protocol  which  reflects  the  substance  of  the  comments 
and  WESTON'S  proposed  modifications.  We  have  also  included  the 
final  list  of  contaminants,  emissions  data,  a  table  of  exposure 
parameters,  and  a  table  of  toxicity  criteria  in  an  attachment  to 
the  revised  protocol. 

We  received  assistance  from  Dr.  Chris  Weis  (EPA  VIII)  and  Edwin 
Berry  and  Charlie  Scharman  (RMA)  in  terms  of  developing  the  final 
exposure  assumptions  and  in  obtaining  background  information  on  the 
"Off-Post  FS"  (i.e.,  the  HLA/ESE  Report). 

RESPONSES  TO  COMMENTS 

WESTON  Comment  to  Cover  Letter  from  Connallv  Mears  to  Don  Campbell 

(18  Oct  90^ 

WESTON  has  provided  clarification  and  more  detail  in  the  revised 
protocol  on  the  methods  used  to  determine  the  Submerged  Quench 
Incinerator  (SQI)  emission  rates  for  organics,  metals,  and  products 
of  incomplete  combustion  (PICS).  WESTON 's  methodology  incorporates 
comparison  of  predicted  emissions  from  the  waste  stream  and  test 
burn  data  with  an  extensive  emissions  database  for  hazardous  waste 
and  municipal  solid  waste  facilities.  In  the  absence  of  empirical 
data,  this  approach  provides  a  comprehensive  and  statistically 
defensible  prediction  of  average  and  upper  bound  emission  rates 
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U.S.  Environinental  Pro^ec^lon  Aaency 
Mr.  Bruce  Huenefeld 
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which  can  be  meaningfully  applied  to  the  estimation  of  exposure  in 
the  risk  assessment. 

The  exposure  assumptions  presented  in  the  protocol  have  been 
revised  to  be  as  consistent  as  possible  with  both  on-post  (EBASCO 
Report)  and  off-post  (HLA/ESE  Report;  Woodward  Clyde  Report) 
exposure  assessments. 


RESPONSES  TO  EPA  VTII  COMMENTS  r EXHIBIT  A) 


AMBIENT  AIR  QUALITY  MODELING  PROTOCOL 

Comment  1 

"All  Other  Compounds"  refers  to  organic  compounds 
other  than  dioxins/ furans  and  PCBs.  This  has  been 
corrected  in  the  revised  protocol.  The  statement 
concerning  the  trial  burn  has  been  added  into 
Section  1.2  of  the  revised  protocol. 

Comment  2 

A  preliminary  review  was  based  on  inspection  of  the 
typographic  maps  of  the  SQI  incinerator  location 
out  to  3  km  to  determine  the  approximate  percentage 
of  each  of  the  land  use  as  defined  by  Auer.  Based 
on  their  approximate  evaluation  the  percentage  of 
land  which  could  be  classified  as  either  rural  or 
urban  for  air  quality  modeling  purposes  was  greater 
than  50%.  Thus  the  preliminary  review  indicates 
the  area  shown  be  classified  as  rural.  A  copy  of 
Auer's  method  (Auer,  1978)  for  land  use 

for  air  quality  modeling  purposes  is 

attached. 

Comment  3 

Receptors  in  the  grid  network  used  for  modeling 
will  include  both  areas  of  flat  and  elevated 
terrain. 

Comment  4 

Concentrations  will  be  estimated  for  all  pollutants 
expected  to  be  emitted  by  the  SQI  facility.  A 
listing  of  the  pollutants  to  be  modeled  is  provided 
in  the  revised  protocol  (Appendix  A) . 

Comment  5 

Terrain  adjustments  will  be  utilized  in  the  WESDEP 
model.  The  terrain  adjustments  used  in  the  WESDEP 
model  are  the  same  as  those  found  in  the  USEPA 
Industrial  Source  Complex  Short  Term  (ISCST)  model 
and  generally  reduce  the  plume  centerline  distance 
to  account  for  elevated  terrain. 
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Comment  6 

Comment  7 

Comment  8 

RESPONSES 

Comment  1 

Comment  2 

Comment  3 


The  WESDEP  model  outputs  annual  averages  of 
concentration,  dry  deposition,  deposition  velocity, 
vet  deposition,  and  total  deposition  for  each 
receptor  point. 

Refer  to  Section  3.4.1  (Exposure  Scenarios)  of  the 
revised  protocol. 

Surface  roughness  will  be  determined  for  each 
receptor  by  evaluating  the  area  halfway  to  the 
adjacent  receptors  and  assigning  an  appropriate 
surface  roughness  for  the  area  reviewed. 

TO  EPA  VIII  COMMENTS  ^ EXHIBIT  3^ 

HEALTH  RISK  ASSESSMENT  PROTOCOL 

The  "technological  feasibility”  statement  has  been 
deleted.  It  was  not  the  intent  of  the  statement  to 
imply  that  the  risk  assessment  was  concerned  with 
"technological  feasibility"  of  lowering  emissions 
limits.  Rather  it  was  to  indicate  that  the  risk 
assessors  would  provide  assistance  to  the  design 
engineering  staff  at  WESTON  in  evaluating  the 
individual  chemical  emission  rates  relative  to 
health  risk. 

The  Final  Decision  Document  has  been  incorporated 
as  a  reference  for  guidance  for  the  risk 
assessment. 

Acute  health  effects  will  be  addressed  in  the  risk 
characterization  phase  should  chronic 
noncarcinogenic  hazard  indices  exceed  unity.  The 
last  section  of  the  protocol  was  inappropriately 
identified  as  "Acute  Health  Effects"  instead  of  the 
intended  "Upset  Conditions  Analysis".  Note  that 
"upset  conditions"  has  been  deleted  from  the 
revised  protocol.  It  was  WESTON 's  understanding 
from  meeting  with  the  Army  and  EPA  that  an  upset 
condition  analysis  was  not  relevant  to  the 
establishment  of  emissions  limits  since  a  chronic 
toxicity  assessment  would  be  more  conservative. 
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Comment  4 


Comment  5 


Comment  6 


Comment  7 


Comment  8 


Comment  9 


The  "Contamination  Identification"  section  of  the 
protocol  has  been  rewritten  to  address  all  concerns 
expressed  by  EPA  relative  to  estimating  emission 
rates  for  the  contaminants  of  concern.  All  sources 
of  information  used  have  been  clearly  indicated. 

The  reference  for  destruction  removal  efficiency 
(D^)  is  40  CFR  264.343  ("Performance  Standards). 
This  reference  has  also  been  incorporated  into 
Table  1-1  of  the  revised  protocol. 

Historical  data  used  to  calculate  emissions  rates 
for  the  risk  assessment  have  been  thoroughly 
discussed  and  cited  in  the  revised  protocol 
(Section  3.2).  The  revised  protocol  (Section  3.4.1 
and  Appendix  A)  presents  key  exposure  parameters 
based  on  consultation  with  Dr.  Chris  Weis  and 
Charlie  Scharmann,  and  on  review  by  WESTON  of  the 
off-post  FS  (HLA/ESE  Report)  and  on-post  (Ebasco 
Report)  exposure  assessments.  The  term  "Hazard 
Index"  has  been  appropriately  clarified  to  indicate 
it  refers  to  non-carcinogenic  risk. 

Deposition  (both  wet  and  dry)  on  leafy  vegetable 
pathways  is  addressed  in  the  protocol  and  will  be 
evaluated  in  the  risk  assessment.  We  have  reviewed 
the  off-post  exposure  assessment  (HLA/ESE  Report) 
and  incorporated  for  consistency  and  where 
appropriate,  essential  exposure  parameters  and  all 
other  pertinent,  site  specific  background  data  for 
the  risk  assessment. 

We  will  employ  locally  available  soil 
concentrations  for  background  metals  if  possible. 
Mr.  Edwin  Berry  has  referred  us  to  Dr.  William 
Trautman  to  obtain  such  data. 

References  for  theories  of  Pic  formation  are 
Trenholm  and  Hathaway  (1984)  and  Oppelt  (1987)  and 
are  cited  in  the  revised  protocol.  A  statement 
referencing  the  Final  Decision  Document  for 
pollutant  selection  has  been  incorporated  in  the 
revised  protocol.  We  will  be  assessing  non- 
carcinogenic  risk  through  the  soil  and  surface 
water  pathways,  and  the  protocol  has  been  clarified 
appropriately.  The  "tier  1"  analysis  for  surface 
water  contamination  is  a  screening  method  with  very 
conservative  assumptions  to  provide  an  initial  cut 
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Comment  10 


Comment  11 
Comment  12 

Comment  13 

Comment  14 


for  contaminant  selection.  The  method  is  described 
in  more  detail  in  the  revised  protocol  (Section 
3.1). 


WESTON  has  reviewed  the  Human  Health  Exposure 
Assessment  Report  (HLA/ESE) .  Appendix  A  contains  a 
table  summarizing  those  contaminants  requiring 
derivation  of  toxicity  criteria,  and  indicates 
those  that  follow  the  HLA  Report.  Preference  will 
be  given  to  IRIS  (U.S.  EPA  Integrated  Risk 
Information  System)  and  to  the  most  current  U.S. 
EPA  Health  Effects  Assessment  Summary  Tables  Dr* 
Chris  Weis  (EPA  Vlii)  will  be  consulted  for  any 
questions  concerning  toxicity  criteria  or  the 
development  of  exposure  assumptions  and  scenarios. 
Attachment  c  (which  contained  various  on-site 
parameters)  that  was  sent  to  us  with  EPA 
Region  Vip  comments  was  apparently  taken  from  an 
older  draft  of  the  on-post  Ebasco  report.  We  have 
obtained  all  the  current  off-post  and  on-post 
exposure  assessment  assumptions  and  have 
incorporated _  these  parameters  in  a  table  of 
assumptions  included  in  the  revised  protocol. 


Chris  Weis  will  be  consulted 
deriving  any  toxicity  criteria. 


on  our  approach  in 


^y  site  specific  exposure  parameters  used  will  be 
discussed  with  Dr.  Chris  Weis  of  EPA  VIll.  we  have 
strived  to  be  as  consistent  as  possible  between  the 
off-post  and  on-post  exposure  assumptions 
previously  developed.  ^ 


The  I^I  at  the  point  of  maximum  off-site  dry 
deposition  will  also  be  exposed  to  the  maximum  off¬ 
site  ambient  ground  level  air  concentration,  based 
on  the  air  modeling  results.  This  is  discussed  in 
greater  detail  in  Section  3.3. 


Toxicity  criteria  for  ingestion  and  inhalation  are 
based  on  administered  dose,  and  therefore,  it  is 
not  necessary  to  adjust  for  absorption.  Where 
doses  must  be  extrapolated  from  one  route  to 
another,  absorption  factors  have  been  adjusted 
according  to  the  guidance  established  in  RAGS  (U.S 
pA,  1989,  Interim  Final).  Bioavailability  for  the 
inhalation  and  dermal  pathways  will  be  considered 
by  using  an  inhalation  retention  factor  of  0.75  and 
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Comment  15 


Comment  16** 


Comment  17 


Comment  18 


a  soil  matrix  factor  of  0.15,  respectively.  m 
terms  of  dermal  exposure  parameters  being  too  low, 
we  assume  EPA  is  referring  to  exposed  skin  surface 
area.  The  values  in  the  Ebasco  report  (on-site) 
were  based  on  a  recreational  use  scenario  and  were, 
therefore,  larger  than  the  values  we  recommend 
which  are  more  appropriate  for  a  residential  or 
worker  scenario. 

The  soil/dust  ingestion  rates  that  will  be  used  are 
those  in  OSWER  Directive  9850.4  (1/27/89).  Garden 
vegetable  (leafy;  fruits)  uptake  data  are 
consistent  with  Travis  and  Arms  (1988)  and  have 
been  appppr lately  cited.  We  are  in  agreement  with 
the  90%  ingestion  value  of  homegrown  vegetables  and 
fruits  for  farm  families.  These  changes  have  been 
reflected  in  the  revised  protocol. 

The  surface  water  pathway  for  drinking  water  will 
not  be  applicable  in  this  risk  assessment. 
However/  it  was  included  in  our  protocol  to 
indicate  to  EPA  how  we  would  initially  approach 
evaluating  exposure.  Note  that  surface  water  will 
be  a  pathway  in  terms  of  fish  consumption,  as 
discussed  in  Section  3.4  of  the  revised  protocol. 


WESTON  calculates  a  yearly  average  dose  for  soil- 
related  exposure  routes  based  on  the  maximum 
predicted  soil  concentration,  which  will  occur  at 
the  end  of  the  facility  lifetime  (i.e.,  at  the  end 
of  year  two) .  A  yearly  average  dose  is  also 
calculated  for  the  inhalation  exposure  route  based 
on  the  predicted  air  concentration,  which  is 
assumed  to  remain  constant  during  the  operation  of 
the  facility.  These  predicted  annual  exposure 
doses  are  compared  with  non-carcinogenic  reference 
doses  (RFDs)  in  order  to  assess  potential  non- 
carcinogenic  effects. 

The  uncertainty  analysis  to  be  presented  will  be 
consistent  with  rags  (p  8-19).  The  statement  on  p. 
3-16  of  the  original  protocol  was  referring  to  a 
"sensitivity  analysis".  Acute  "inhalation" 
criteria  many  times  are  based  on  acute  irritant 
effects  (mucous  membranes;  eyes;  nasal  passages; 
skin)  . 
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Comment  19  The  revised  protocol  cites  bioconcentration  factors 
from  EPA-503/8-89/002  where  appropriate. 

Comment  20  Dr.  Chris  Meis  has  indicated  to  us  that  transfer 
factor  data  for  metals  from  maternal  sources  to 
milk  are  available  and  has  provided  a  reference  to 
this  effect.  We  are  evaluating  this  currently. 

Please  inform  us  in  writing  of  your  approval  of  this  protocol, 
and/or  of  any  additional  comments  or  concerns  you  may  have.  If  you 
have  any  immediate  questions,  call  me  (215-430-7276),  Lou  Militana 
(215-430-7217)  or  Paul  Siebert  (215-430-7207)  concerning  the  risk 
assessment,  air  modeling  or  emission  rate  determination, 
respectively. 

Sincerely, 

ROY  F.  WESTON,  INC 

Robert  0.  Warwick,  Jr.,‘-Ph.D.,  DABT 
Section  Manager,  Risk  Assessment 

JOW/kh 

Attachments 

cc:  Edwin  Berry,  RMA 

Amit  Sarkar,  WESTON 
Quintin  Todd,  WESTON 
Lou  Militana,  WESTON 
Charles  Dobroski,  WESTON 
John  Barone,  WESTON 
Gary  Lage ,  WESTON 
Paul  Siebert,  WESTON 
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Correlation  of  Land  Use  and  Cover  with  Meteorological  Anomalies 

August  H,  Auer,  Jr. 

Dtpartmenl  of  Atmospheric  Scienpe^  The  University  of  W  yoming,  Laramie  S2071 
(Manuscript  received  26  January  1976,  in  6nal  form  I  November  1977) 

ABSTRACT 

Aerial  reconnaissance  of  the  greater  St.  Louis  area  has  led  to  the  identification  and  classification  of  land 
use  types.  The  land  use  classification  provides  as  much  compatibility  as  possible  with  other  classification 
systems,  yet  offers  the  inclusion  of  percentage  vegetative  cover  as  an  innovative  characteristic  of  the 
land  use  description.  The  observed  meteorological  (thermodynamic,  kinematic  and  radiative)  anomalies 
in  the  vicinity  of  the  metropolitan  area  are  shown  to  be  affiliated  with  “meteorologically  significant*’ 
land  cover  characteristics. 

It  is  suggested  that  the  specific  details  of  population,  areal  extent  and  type  of  metropolitan  land  cover 
must  be  considered  in  estimating  the  potential  for  inadvertent  weather  modification. 


1.  Introduction 

It  has  been  established  in  numerous  empirical  studies 
that  dty  mesoclimates“are  markedly  different  from 
those  over  surrounding,  more  natural  areas;  i.c.,  city 
environments  arc  usually  warmer,  drier,  less  wind, 
cloudier  and  have  a  larger  particulate  burden  than  their 
rural  counterparts.  The  most  extensive  study  of  urban 
meteorology  has  been  conducted  under  the  auspices  of 
Project  METROMEX  (Changnon  et  1971).  The 
contrasting  atmospheric  properties  seem  to  be  the  direct 
result  of  differential  urban-rural  energy  disposition 
brought  about  by  significant  physical  differences  be¬ 
tween  cities  and  their  surroundings;  namely,  the  con¬ 
trasting  character  of  surface  material  (c.g.,  vegetation 
versus  concrete),  landscape  shape  and  structure,  heat 
sources  and  retention,  and  evapotranspiration. 

While  meteorologists  for  several  decades  have 
published  information  on  urban  climates,  there  is  now 
a  need  to  correlate  these  meteorological  anomalies  with 
more  specific  land  use  identification  and  description  than 
are  now  used  (such  as  “downtown,  center  of  the  city, 
residential,  commercial,”  etc.).  The  purpose  of  this 
article  is  to  identify  some  certain  features  of  the  land 
use  in  St.  Louis  that  are  unique  and  may  be  “meteoro¬ 
logically  significant”  in  explaining  some  thermody¬ 
namic,  kinematic  and  radiative  anomalies  associated 
with  the  overriding  atmosphere  of  the  metropolitan  St, 
Louis  area. 

2.  Procedure 

Low-level  airborne  mapping  and  photography  were 
used  to  establish  our  “meteorological”  land  use  mosaic 
for  Metropolitan  St.  Louis.  As  a  standard  procedure  in 
its  research  activities,  the  University  of  Wyoming 


operated  a  (Juecn  Air  aircraft  in  the  airspace  over  St. 
Louis.  Aside  from  the  computer-directed  collection  and 
recording  of  the  meteorological  and  aircraft  operational 
parameters,  the  data  acquisition  system  is  also  equipped 
with  an  event  marker.  Event  information,  which  is  a 
discrete  signal  used  to  indicate  up  to  30  selected  events 
such  as  specific  land  uses  or  photography,  can  be  received 
from  the  pilot,  copilot  (scientist)  and  technician  posi¬ 
tions.  In  this  manner,  a  designated  event  marker  cor¬ 
responding  to  a  unique  land  use  could  be  activated 
during  the  entire  overflight  of  that  land  use.  Among  the 
aircraft  operational  parameters  recorded  are  heading, 
VOR  azimuth  and  DME  position  which  allow  plotting 
the  aircraft  flight  path  to  within  ±1®  and  0.2  km, 
resp)cctivcly.  Thus,  flight  i)aths,  time  and  corresponding 
event  markers  were  plotted  yielding  a  land  use  mosaic. 
Only  those  flights  or  portions  thereof  at  150-300  m  AGL 
(above  ground  level)  were  used  to  collect  land  use  in¬ 
formation  to  minimize  downward  line  of  sight  errors. 
Scores  of  photographs  were  also  taken  to  identify  what 
was  meant  by  a  particular  land  use  type  as  well  as  to 
aid  in  establishing  the  areal  extent  of  the  land  use  typ>e. 
Voice  recorders  were  utilized  by  crew  members  for 
complementary  information  regarding  use  of  event 
markers  and  photography.  Since  the  research  flight 
paths  were  many  and  varied  across  the  entire  metro- 
px)iitan  area,  an  adequate  density  of  land  use  data  was 
acquired.  No  major  modification  in  land  use  in  the 
metrop)olitan  area  was  noted  in  the  observational  period 
1973-76. 

There  is  no  one  ideal  classification  of  land  use  and 
land  cover,  and  it  is  unlikely  that  one  could  ever  be 
deveIop)ed.  In  developing  our  classification  system, 
every  effort  has  been  made  to  provide  as  much  com¬ 
patibility  as  possible  with  other  classification  systems 
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currently  being  used  by  the  various  Federal  agencies 
involved  in  land  use  inventory  and  mapping  (e.g., 
Anderson  d  al,,  1976).  Our  system  satisfies  the  ^ree 
major  attributes  of  the  classification  process  as  outlined 
by  Grigg  (1965):  I)  it  gives  names  to  categories  by 
simply  using  accepted  terminology;  2)  it  enables  the 
classification  scheme  to  be  transferable ;  and  3)  it  allows 
inductive  generalizations  to  be  made.  The  classification 
system  is  capable  of  further  refinement  on  the  basis  of 
more  extended  and  varied  use. 

The  approach  to  land  use  and  land  cover  classification 
embodied  in  our  system  described  herein  is  “meteoro¬ 
logically  oriented,”  in  contrast,  for  example,  with  the 
“people  orienution”  of  Land  Use  Coding  developed  by 
the  U.  S.  Urban  Renewal  Administration  and  the 
Bureau  of  Public  Roads  (1965). 

3.  Results 

The  analysis  of  the  land  use  determination  is  shown 
in  Fig.  1.  The  land  use  types  in  this  classification  as- 


- 


signed  to  the  St.  Louis  Metropolitan  area  are  listed  in  * 
Table  1  along  with  a  brief  descripticm  of  each.  The 
types  of  land  use  and  land  cover  categoriation  de-*^^ 
veloped  in  this  classification  system  can  be  related  to 
other  systems  which  classify  the  potential  for  any  par- 
ticular  activity  or  land  value.  The  classification  is  gen¬ 
eral  enough  to  find  utility  in  describing  any  metro¬ 
politan  area  land  use  as  well  as  specific  enough  for 
association  with  relevant  metropolitan  anomalies. 

For  our  use,  the  term  “Metropolitan  St.  Louis  area” 
has  been  assigned  to  that  area  encompassed  by  the  out¬ 
lying  boundary  of  the  normal  residential  (Rl)  land  use. 
The  Alton-Wood  River,  Ill.,  area  (extreme  northeast) 
has  not  been  included  in  this  metropolitan  area,  since 
it  will  be  adcfressed  separately.  According  to  1970 
Census  Bureau  statistics,  the  City  of  St.  Louis  has  a 
population  of  622  236  (ranks  18)  with  a  population 
density  3938  people  per  square  kilometer  (ranks  7). 
Census  Bureau  figures  show  a  population  of  2  363  017 
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Fig.  1.  L&nd  use  mosaic  for  the  Metropolitan  St.  Louis  area.  Circled  numbers  with  arrows  show  the  location,  viewing  direction  and 
figure  number  of  accompanying  photographs  depicting  examples  of  land  use  classification. 
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DcKription 

Use  and  stxxictures  Vegeutioo 

^  II  Heavy  industrial 

Major  chemical,  steel  and  fabrication  industries ;  Grass  and  tree  growth  extremely  rare ;  <  5% 

generally  3-5  story  buildings,  flat  roofs  vegeution 

—  12  Light-moderate  industrial 

Rail  yards,  truck  depots,  warehouses,  indus-  Very  limited  grass,  trees  almost  toul  ab- 

trial  parks,  minor  fabrications;  generally  1-3  sent;  <5%  vegeution 

story  buildings,  flat  roofs 

Cl  Commercial 

Office  and  apartment  buildings,  hotels;  >10  Limited  grass  and  trees;  <  15%  vegeution 

story  heights,  flat  roofs 

R1  Common  residential 

Single  family  dwelling  with  normal  easements;  Abundant  grass  lawns  and  light-moderately 
generally  one  story,  pitched  roof  structures;  wooded;  >70%  vegeution 

frequent  driveways 
^  R2  Compact  residential 

Single,  some  multiple,  family  dwelling  with  close  Limited  lawn  sizes  and  shade  trees;  <30% 
spacing;  generally  <2  story,  pitched  roof  vegeution 

structures;  garages  (via  alley),  no  driveways 
**  R3  Compact  residential 

Old  multi-family  dwellings  with  close  (<2  m)  Limited  lawn  sizes,  old  esUblished  shade 

lateral  separation;  generally  2  story,  flat  roof  trees;  <35%  vegeution 

structures ;  garages  (via  alley)  and  ashpits,  no 
driveways 

R4  Esute  residential 

Expansive  family  dwelling  on  multi-acre  tracts  Abundant  grass  lawns  and  lightly  wooded ; 

>30%  vegeution 

A1  Metropolitan  natural 

Major  municipal,  sUte,  or  federal  parks,  golf  Nearly  total  grass  and  lightly  wooded ; 

courses,  cemeteries,  campuses;  occasional  >95%  vegeution 

single  story  structures 

A2  Agricultural  rural  Local  crops  (e^.,  com,  soybean) ;  >95% 

vegeution 

A3  Undeveloped 

Uncultivated;  wasteland  Mostly  wild  grasses  and  weeds,  lightly 

wooded;  >90%  vegeution 

A4  Undeveloped  rural  Heavily  wooded ;  >95%  vegeution 

A5  Water  surfaces 

Rivers,  lakes 


for  a  Metropolitan  St.  Louis.*  An  inspection  of  Fig.  1 
collaborates  the  population  density  statistics  since  land 
use  type  R3  is  seen  to  comprise  approximately  40%  of 
the  area  within  the  city  limits. 

Fig.  1  also  shows  the  packing  of  land  use  types  li,  12, 
Cl,  R2  and  R3  in  the  center  of  the  metropolitan  area. 
Since  these  land  uses  are  comprised  of  only  S-30% 
vegetation  and  contain  an  abundance  of  man-made 
structures,  a  probable  influence  on  meteorological 
anomalies  is  anticipated  more  than  from  a  more 
dustrial”  or  * ‘residential”  classificatioiu 

Figs.  2-6  show  representative  views  of  some  land  use 
types  shown  in  Fig.  1  and  described  in  Table  1.  An 

^  A  more  recent  estimate  compiled  by  the  St  Louis  Giapter  d 
the  American  Sutistical  Asaodation  {Si.  L^mis 
21  January  77)  and  the  U.  S.  Bureau  Report  for  1975 

Urban  Population  Estimates  (Tk$  Dmmr  13  AptO  77)  sdD 
places  the  metropolitan  pnpoUtM  st  2.4  but  reduces  the 

city  population  to  532  (XX). 


unabridged  listing  of  land  use  photographs  may  also  be 
found  in  Auer  (197Sb). 

In  particular,  Figs.  4  and  5  highlight  type  R3.  Since 
these  residential  structures  seem  to  be  coincident  with 
most  of  the  surface  meteorological  anomalies  reviewed 
later,  some  additional  description  may  be  worthwhile. 
These  multi-family  dwellings  (mostly  two-family  flats) 
were  built  circa  1915.  Two  feattires  stand  out  clearly 
in  Figs.  4  and  5:  1)  nearly  all  dwellings  arc  two-story 
and  have  flat,  tarred  roofs ;  and  2)  the  spacing  between 
the  buildings  is  very  narrow  (<2  m)  with  symmetry 
block  after  block.  On-site  estimates  of  the  vegetative 
cover  are  less  than  35%. 

Table  2  gives  a  summary  of  the  areal  contributions 
according  to  land  use  types  found  in  Metropolitan  St. 
Louis.  The  contribution  of  streets,  sidewalks  and  alleys 
to  the  total  land  use  has  not  been  included  in  Table  2. 
However,  from  input  gleaned  from  aerial  photographs, 
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Fig.  2.  View  of  normal  residential  land  use  (Rl)  in  the  northwestern  suburbs  of  the 
metropoliun  area.  Flight  altitude  is  265  m  AGL. 


detailed  road  maps  and  Abell  (1975),*  area  estimates  of 
street  and  sidewalk  thoroughfares  for  St.  Louis  city 
and  the  metropolitan  area  can  be  made,  and  as  a  first 
approximation,  may  be  assumed  proportionately  dis¬ 
tributed  through  land  use  types  I-C-R.  Within  the  city 
limits,  21.6  km*  of  street  pavement  and  6.5  km*  of  side¬ 
walk  are  estimated,  corresponding  to  13.6%  and  4.1%, 
respectively,  of  the  total  city  area.  Suburban  estimates 
are  placed  at  147.1  km*  (14.9%)  and  46.8  km*  (4.7%), 
respectively. 

It  should  also  be  pointed  out  that  the  areal  coverage 
of  metropolitan  natural  (Al)  land  use  is  dominated  by 
the  contributions  of  a  few  large  recreational  parks  and 
cemeteries  throughout  the  metropolitan  area  (e.g., 
Forest  Park,  Calvary-Bellcfontaine  Cemetery).  While 
there  are  numerous  (over  175)  examples  of  Al  land  use, 
the  vast  majority  are  small  in  size  and  their  effect  is 
obscured  by  surrounding  anthropogenic  alterations. 

Within  the  cHy  limiis  of  St.  Louis,  the  integrated 
vegeutive  cover  is  estimated  at  approximately  45%. 
However,  70%  (109  km*)  of  the  city  area  consists  of 
I1-I2-C1-R2-R3  land  use,  adjacently  located  in  the 
center  of  the  city.  These  land  uses  collectively  account 
for  only  a  25%  vegetative  surface.  For  the  St.  Louis 
Metropjolitan  area,  the  integrated  vegetative  cover  is 
estimated  at  65%. 

At  the  extreme  northeastern  edge  of  the  metropolitan 
area  is  the  Alton-Wood  River  industrial  complex.  The 
principal  industries  in  this  area  consist  of  steel  smelter- 
ing  and  several  petroleum  refining  complexes,  dominated 

*  AbcU,  W.,  1975:  Personal  communication.  Administrative 
Assistant  to  the  Director  of  Streets,  Room  322,  City  Hall,  St. 
Louis,  Mo.  63103. 


by  the  Shell  Oil  Refinery  (see  Fig.  6)  at  Wood  River 
which  ranks  nationally  among  the  top  12  refineries  in 
terms  of  p>etroleum  products  output.  The  Alton-Wood 
River  complex  is  addressed  separately  here  because  it 
has  been  demonstrated  to  be  associated  with  some  un¬ 
usual  and  substantial  increases  in  rainfall  statistics 
(Schickedanz,  1974a)  and  clouds  (Auer,  1976),  although 
it  is  not  large  in  areal  extent  and  somewhat  displaced 
from  the  other  I1-I2-C1  land  uses.  The  land  use  con¬ 
sists  of  types  II  and  12  with  areas  of  6.2  and  15.3  km*, 
respectively;  the  associated  domicile  use  is  generally 
Rl,  covering  about  50  km*.  While  the  land  use  may  not 
seem  impressive  and  conducive  to  weather  anomalies, 
it  should  be  noted  that  the  refinery  complex  ranks  as  one 
of  the  strongest  localized  sources  of  heat  (7X10“  cal  h"‘) 
and  water  vapor  (3X 10*  g  h”*)  output  in  the  St.  Louis 
region. 

Table  2.  Summary  of  areal  coverages  (km*)  of  specific  land  uses 
for  Metropolitan  St.  Louis,  excluding  waterways,  thoroughfares 
and  ihe  Alton-Wood  River  industrial  complex.  Numbers  in  paren¬ 
theses  are  percents. 


Land  use 
type 

City  of 

St.  Louis 

Suburbs 

Missouri  llliaois 

Metropolitan 

area 

11 

5.4  (  3) 

4.2  (<1) 

6.7  (  3} 

16.3  (  1) 

13 

21.4  (  14) 

14.6  (  2) 

33-9  (  13) 

69.9  (  6) 

Cl 

5.9  (  4) 

1.1  («1) 

0.2  («1) 

7.2  (<1) 

Rl 

29.2  (  18) 

629.4  (  87) 

198.2  (  75) 

856.8  (  75) 

R3 

IJ.3  (  9) 

2.2  («1) 

— 

15.5  (  1) 

R3 

63.4  (  40) 

1.8  (4C1) 

— 

65.2  (  6) 

R4 

— 

53.3  (  7) 

— 

53.3  (  5) 

Al 

19.8  (  12) 

20.4  (  3) 

24.4  (  9) 

64.6  (  6) 

158.4  (100) 

727,0  (100) 

263.4  (100) 

1148.8  (100) 

Toul  area 

990.4 
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4.  ImpUcatioQS 

Certain  types  of  land*  use,  when  adjacently  located, 
can  effectively  alter  surface  characteristics,  landscape 
stracture,  heat  source  and  retention,  and  evapotran- 
spiratioa,  thereby  increasing  the  dimensions  of  what 
has  been  termed  “the  urban  area”  in  the  literature  on 
urban  meteorology. 

Like  most  large  citi^,  St.  Louis  has  a  marked  surface 
heat  island  (±1.5  to  ±3.0®C)  and  a  coincident  (in 


space  and  time)  identifiable  minimum  specific  humidity 
(  —  0.5  to  — 1.5  g  kg~^)  evident  in  the  summer  afternoon 
climatology  (Jones,  1973 ;  Jones  and  Schickedanz,  1974) 
as  well  as  in  summertime  case  studies  (Dirks,  1974a,b; 
Sisterson,  1975).  Temperature  increases  (+1®C)  and 
specific  humidity  deficits  (-1  g  kg-^)  often  extend  a 
kilometer  or  more  above  the  city  and  through  the 
mixing  layer  to  cloud  bases  (Auer  and  Changnon,  1977). 
An  example  of  the  thermod>'namic  anomalies  in  Fig,  7 
is  reproduced  from  Dirks  (1974b)  and  clearly  shows  the 


Fig,  3.  View  of  light-roodemte  industrial  land  use  (12),  foreground,  with,  backdrop 
of  commcrdaJ  land  U5C  (Cl),  in  the  vicinity  just  south  of  “downtown”  St.  Louis  Flkht 
alutude  is  305  m  AGL, 


Fro.  4.  View  of  compact  residential  land  use  (R3)  to  the  south  of  “downtown”  St. 

Flight  altitude  is  305  m  AGL. 
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Fig.  5.  Closeup  view  of  compact  residential  land  use  (R3)  in  the 
southern  sections  of  the  City  of  St.  Louis.  Flight  altitude  is 
235  m  AGL. 


developed  mid-aitemoon  urban  heat  island  and  S]:>ecihc 
humidity  deficit  at  305  m  AGL  essentially  associated 
with  R1*R2-C1-R3  land  use.  Note  the  small  area  of 
1.5  g  kg”^  humidity  deficit  just  to  the  west  of  the  city 
limits  which  seems  to  coincide  with  the  I2-C1  land  use 
of  downtown  Clayton  and  nearby  industrial  parks. 
Dirks  (1974a)  and  Sisterson  (1975)  suggested  that  the 
lack  of  evaporating  surfaces,  such  as  comprise  the 
I1-I2-C1-R3  land  use,  could  account  for  a  si^ificant 
reduction  in  evapo transpiration  over  these  portions  of 
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the  metropolitan  area,  observable  as  a  specific  humidity 
deficit. 

Thermal  perturbations,  along  with  the  effect  of  in¬ 
creased  surface  friction,  may  alter  the  airflow  across  a 
metropolitan  area.  The  low-level  airflow  under  light 
and  moderate  wind  conditions  has  been  found  to  be 
markedly  perturbed  by  the  city  and  often  results  in 
distinct  convergence  in  or  just  downwind  of  the  city 
center  (Ackerman,  1974a, b,  1977;  Auer,  1975a; 
Sisterson,  1975;  Kropfli  and  Kohn,  1977;  Wong  and 
Dirks,  1978). 

The  thennod>'namic  anomalies  in  the  mixing  layer 
over  the  city  are  reflected  in  the  preferred  areas  in  and 
dowTiwind  of  the  urban  area  for  the  initiation  of  cumulus 
clouds,  seasonally  (Schickedanz,  1974b)  and  by  case 
study  (Auer,  1974,  1976).  Convective  cloud  bases  are 
generally  higher  by  200-600  m  over  and  slightly  dowm- 
wind  of  the  city  (Ackerman  and  Appleman,  1974; 
Boatman  and  Auer,  1974;  Semonin  and  Changnon, 
1974  ;  Changnon  el  al.,  1976;  Shea  and  Auer,  1978). 

Anomalies  in  radiation  parameters  have  also  been 
documented  in  St.  Louis.  A  nighttime  infrared  surface 
heat  island  has  been  shown  to  stand  out  clearly  over  the 
downtown  St.  Louis  area  (Braham,  1974).  Reduced 
albedo  values  of  11-13%  have  been  found  for  com- 
mcrcial-industrial-old  residential  sites  contrasted  with 
albedo  values  of  16-22%  for  surrounding  rural  areas 
(Dabberdt  and  Davis,  1974;  White  el  al.y  1978).  Varia¬ 
tions  in  albedo  and  emitted  terrestrial  radiation,  re¬ 
lated  to  mcsoscale  changes  in  land  use  and  cover,  have 
been  found  responsible  for  differences  in  net  radiation 
accumulated  within  the  St.  Louis  metropolitan  and 
surrounding  rural  areas  (White  el  1978). 


Fig.  6.  Closeup  view  of  heavy  industrial  land  use  (ID  showing  the  Wood  River,  Ill., 
oil  refinery  complex,  with  adjoining  normal  residential  (Rl)  and  agricultural  rural  (A2) 
land  uses.  Flight  altitude  is  455  m  AGL. 
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Flc.  7.  Analysis  of  urban  temperature  CC,  solid)  and  specific  humidity  (g  kg"',  dashed)  anomalies 
wh  respect  to  upwind  values  at  305  m  AGL  for  1145-1500  CDT  23  Au^«  71  (after  Dirits,  1974b) 

Tae  land  use  analysis  is  repeated  from  Fig,  1.  ^ 


It  is  recognised  that  no  single  land  use  t>pe  may,  by 
itself,  be  responsible  for  a  particular  thermod>-namic, 
Idnematic  or  radiative  anomaly.  There  may  indeed  be 
interactive  and  feedback  processes  between  land  use 
types  and  anomalies  which  are  not  yet  dearly  under¬ 
stood.  However,  evidence  from  METROMEX  nourishes 
the  premise  that  there  is  a  direct  interaction  between 
land  u^  type  and  anomaly  since  certain  land  use  types 
are  coinddent  with  some  observed  surface  anomaly 
locations. 

Schick^ans  (1974a)  has  documented  anomalous 
characteristics  of  summertime  convective  rainfall  across 
the  Metropolitan  St.  Louis  area.  Grosh  and  Semonin 
(1973),  Boatman  and  Auer  (1974),  Changnon  and 
Semonin  (1975)  and  Changnon  ei  d,  (1976)  have  ob¬ 
served  thunderstorm  occurrence  of  the  type  studied  by 
Schi^edanz  and  conduded  that  temperature  and 
specific  humidity  anomalies  associated  with  the  urban 
surface  and  overriding  muring  layer  can  alter  storm 
behavior  and  possibly  explain  the  20-30%  precipitation 
increases  (Huff  and  Vogel,  1977)  in  the  localized  area 
within  40  km  of  the  dty  center. 

^  his  review  of  urban  dimatic  rainfall  patterns, 
Changnon  (1976)  conduded  that  a  critical  size  of 


metropolitan  population  (>1(XX)(M)0)  must  be  at¬ 
tained  before  a  metropolitan  area  affects  rainfall  down¬ 
wind.  Furthermore,  since  sizeable  rainfall  increases  were 
foimd  in  non-industrial  dries,  as  well  as  in  industrial 
cities  with  widely  varying  industrial  bases,  the  rainfall 
anomalies  seem  associated  mth  thermodynamic  and/or 
kinematic  characteristics  of  the  land  cover. 

^  Thus,  it  appears  that  some  specific  details  of  popula¬ 
tion,  size  and  type  of  natural  landscape  alteration  must 
be  considered  in  estimating  the  potential  of  inadvertent 
precipitation  modification.  Land  use  types  of  I1-I2-C1- 
R2-R3,  which  cover  as  little  as  ICX)  km^  in  the  case  of 
St.  ^uis,  should  be  suspect  for  mesoscale  thermody¬ 
namic  anomalies  sufficient  to  cause  inadvertent  pre- 
dpitation  modification. 

If  meteorological  land  use  types,  as  listed  in  Table  1, 
and  areas  of  coverage,  as  shown  in  Table  2,  can  be 
identified  for  other  urban  studies,  better  comparisons 
and  transfer  of  analyses  can  be  made  through  stratifica¬ 
tion  by  land  use.  Eventually  it  is  hoped  that  the  recogni¬ 
tion  of  the  meteorological  land  use  typ  rroposed  herein 
will  find  their  place  in  the  format  oi  efining  ar*  de¬ 
scribing  the  anomaly,  identifying  responsible  oal 
processes,  linking  these  processes  to  anthropogenic 
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ftctivideft,  and  ultimately  relating  these  findings  to  the 
translation  and  prediction  of  anomalies  in  other 
metropolitan  areas. 
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APPENDIX  7A 


DERIVATION  OF  SURFACEWATER  POLLUTANT  CONCENTRATIONS 

FOR  ENGINEERS  LAKE 


7A-1  INTRODUCTION 


This  appendix  presents  a  detailed  discussion  of  the  methods  used  to  determine  the  surface 
water  contaminant  concentrations  for  Engineers  Lake.  The  Tier  1  analysis  describes  the 
technique  used  initiaUy  to  screen  contaminants  from  fujiher  evaluation  in  the  surface  water 
pathways  (EPA,  1986).  The  Tier  2  analysis  expla^^He  derivation  of  final  contaminant 
concentrations  used  in  estimating  the  exposure  dpes  for  ralisurface  water  pathways  in  the 
risk  assessment.  =iB=,.  .ii#’ 


7A^  TIER  1  ANALYSIS 


Water  concentrations  of  certain  )^tan§iS|l||.;Were  predicted  using  the  conservative  Tier  1 
methodology  and  compared:iiiaUi,,.f^||^propriate  health>based  criteria.  Contaminants 
predicted  to  have  water  cgiientrafii^  exceeding  these  criteria  will  be  selected  for  further 
evaluation  in  the  risk  assessiiQ^.y4pbose  contaminants  with  concentrations  less  than  the 
health-based  criteria  will  not  be  subsequently  evaluated. 


The  focus  of  the  Tier  1  screening  was  to  eliminate  contaminants  from  the  fish  ingestion 
pathway,  which  is  the  only  surface  water-related  pathway,  evaluated  in  the  risk  assessment. 
As  a  result,  only  a  subset  of  the  total  list  of  contaminants  was  screened  using  the  Tier  1 
methodology.  Volatile  organic  compounds  were  not  considered  in  this  analysis  since  they 
are  neither  expected  to  accumulate  in  surface  water  nor  bioaccumulate  in  fish. 

With  the  objective  of  developing  a  conservative  carcinogenic  risk  estimate,  all  oral 
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carcinogens  are  arbitrarily  evaluated  through  all  relevant  exposure  pathways  in  the  final  risk 
assessment,  therefore  were  not  screened  in  the  Tier  1  analysis. 


health-based  water  quality  values.  Only  those  nonvolatile,  noncarcinogenic  compounds, 
which  had  ambient  water  quality  criteria  for  the  protection  of  human  health  through  fish 
ingestion,  were  screened  in  the  Tier  1  analysis.  These  factors  resulted  in  the  evaluation  of 


Fluoranthene 


Inorganics 

Antimony 


r-bound  r 

facility  emissions,  were  usect'^^®iihe  Tier  1  screening  to  maximize  the  contaminant 
concentrations  in  Engineers  Lake.  It  was  conservatively  assumed  that  all  contaminants 
deposited  in  the  watershed  of  Engineers  Lake  in  a  one-year  period  would  enter  the  lake  as 
runoff.  The  decay  and  degradation  of  contaminants  in  surface  water,  soil,  or  air  were  not 
considered  in  this  analysis,  further  maximizing  the  predicted  lake  water  concentrations.  The 
equations  employed  in  the  Tier  1  screening  are  presented  as  follows  in  the  following  text. 

The  total  annual  basin  deposition  rate  was  calculated  using  the  following  equation: 


TBD  =  ER  ■*  DR  •  BA 
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Where: 


TBD  =  Total  basin  deposition  (g/yr) 

ER  =  Sensitivity  case  emission  rates  (g/sec) 

DR  =  Total  (wet  plus  dry)  deposition  factor,  9.00E-04 

(g/m^  yr)/(g/sec) 

BA  =  Basin  area,  1.30E+05 


The  water  concentration  in  Engineers  Lake  was  calculated  using  the  following  equation; 


TBD  •  HRT  •  CFl  ’  CF2/VOL 


Contaminant  concentration,;ipvEnp^||rs  Lake  (mg/L). 

Total  basin  deposition  (^^1- 
Hydraulic  residence  tim^^stfed  0.5  yr). 

Conversion  factor,  1.00E-5i|^/L. 

Conversion  factor,  Biil^:i^.P3lEi|i^g. 

Lake  volume,  3.45^^^^^^^1yyiams  County  Parks  Department). 

The  emission  rates,  water  concenfE]dQ|pf^i|;pnbient  water  quality  criteria  used  in  the  Tier 
1  screening  are  presented  in  Table  7A-1  shows  that  none  of  the  contaminants 

eligible  for  the  Tier  1  scretilQg  exddl^  iO  percent  of  their  respective  ambient  water  quality 
criteria  for  protection  of  huEfli^l^ei^i^  through  fish  ingestion.  As  a  result,  these  compounds 
are  not  evaluated  in  the  fish  ingeStion  pathway. 


Cwater  = 


Where: 


Cwater  = 

TBD 

HRT 

CFl 

CF2 

VOL 


TAJ  TIER  2  ANALYSIS 


A  Tier  2  transport  model  was  developed  to  predict  surface  water  contaminant  concentration 
from  soil  runoff  and  aerial  deposition  of  pollutants  in  Engineers  Lake  for  the  fish  ingestion 
pathway.  The  Tier  2  model  has  less  conservative  assumptions  and  provides  more  realistic 
values  than  the  Tier  1  model.  Water  concentrations  were  calculated  for  all  pollutants 
except  particulate  matter,  acid  gases,  volatile  organic  compounds,  and  contaminants 
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Table  7A-1 


Her  1  Surface  Water  PoUatant 

Concentrations  and  Comparison  To  Standards 


Pollutant 

Sensitivity  Case 
Emission  Rate 
(g/sec) 

Predicted  Annual 
Surface  Water 
Concentration 
(mg/L) 

AWQC  for 

Protection  of 
Human  Health* 
(mg/L) 

Or£anics 

Fluoranthene 

1.91E-09 

323E-13 

5.40E-02 

Pentachlorobenzene 

9.73E-12 

1.64E-15 

8.50E-02 

Tetrachlorobenzene 

4.12E-12 

j6.93E-16 

4.80E-02 

Inorganics 

Antimony 

3.90E-03  'nljl 

6.58E-07 

4.50E+01 

Chromium  (ID) 

120E-C^l:n, 

■ 

%fc2.02E-09 

3.43E+03  1 

Manganese 

2.50E-04lii: 

422E-08 

l.OOE-01  ‘ 

Mercury 

6.58E-07 

1.46E-04 

Nickel 

1.81E-07 

l.OOE-01 

Thallium 

6J8E-07 

4.80E-02 

^  U.S.  EPA.  1986.  Qui^:::Crite ip  for  Water.  1986.  Office  of  Water  Regulations 
and  Standards.  EPA  _ _ _ _ 


i 
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excluded  as  a  result  of  the  Tier  1  analysis.  The  technical  approach  and  assumptions  of  the 
Tier  2  model  are  presented  in  the  subsections  that  follow. 

7AJ.1  Prediction  of  Surface-Water  Concentrations  of  Pollutants 

To  estimate  the  potential  exposure  to  the  pollutants  through  &h  consumption,  surface  water 
pollutant  concentrations  were  predicted  using  the  following  steps: 

•  Calculation  of  the  average  deposition  rate  within  the  watershed 

•  Estimation  of  soil  loss  to  Engineers  Lakj|,  within  the  watershed 

•  Determination  of  pollutant  concentratiiip  in  Engineers  Lake 

This  approach  to  determining  surface-water  cGyKen|rationi«is  based  on  the  estimation  of 
pollutant  deposition  on  Engineers  Lake  and  ^iti^hed  soils  and  the  subsequent  runoff  of 
pollutants  to  the  lake.  The  concentrationiii|ifei^eS%  an  assumed  facility  life  of  two  years. 

7A3J  Calculation  of  the  Averafiffipii§5itigl|Rate  (DR)  Within  the  Watershed 

The  first  step  in  e5;timapi|^iiihie’‘’^i^y)nic  surface-water  concentrations  involves  a 
determination  of  the  depdiipiin  fac^  for  the  impacted  area.  Hie  watershed  of  Engineers 
Lake  is  limited  in  size  and  sirn^lpHed  by  major  roadways.  Due  to  the  small  size  of  the 
watershed,  deposition  in  the  entire  area  was  described  by  a  single  rate,  which  precluded 
having  to  average  the  deposition  over  a  wider  area.  The  total  deposition  factor  for  the 
watershed  is  9.00E-04  (g/mV)/(g/sec). 

7AJ3  Estimation  of  Soil  Loss  to  Engineer’s  Lake 

Data  that  could  be  used  to  predict  soil  erosion  within  the  Engineers  Lake  watershed  were 
not  available.  As  a  result,  soil  loss  was  conservatively  estimated  at  1.5  tons/acre-yr  or  336 

g/mV- 
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7A33.1  Contaminant  Loss  Rate 


To  estimate  the  soil  contaminant  concentrations  being  transported  to  the  lake,  it  is  first 
necessary  to  estimate  the  rate  constants  for  contaminant  loss  from  soils.  The  contaminant 
loss  rate  is  based  on  contaminant  loss  through  the  two  potential  loss  mechanisms.  They 
include  the  surface  runoff  rate  (Kjt),  which  is  based  on  the  loss  of  soil  particles  as  they  are 
transported  to  the  lake,  and  the  chemical  degradation  rate  (Kjd),  which  is  based  on  the  half- 
life  of  the  contaminants  in  the  soil. 

The  surface  water  runoff  rate  (Kjr)  was  calculated  as  T^llows: 


Kjr 

X,  /  (B  ■  d) 

Where: 

Estimated  Value 

K^r 

Surface  runoffii|(^;: 

'  =  0.00118  per  year 

X,  = 

Total  sedin^t 

P=  =  336.24  g/m^-yr 

B 

Bulk  densi^^|||;:;ff " 

=  1,425,000  g/m^  (Alan  Price,  personal 
communication,  1990) 

d 

Depthipf'mBS^faibn 

=  0.2  meter 

The  chemical  degradation  rate  (^f)  was  calculated  for  each  chemical  of  concern  as  follows: 


Kjd  =  hi2/ti/2 


Where: 


Kjd  =  Chemical  degradation  rate  (per  year). 

tj/2  =  Chemical  half-life  in  soil  (years). 
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The  combined  contaminant  loss  rate  was  calculated  using  the  following  equation: 


Ki  =  K,r  +  Kjd 

The  contaminant  loss  rates  for  soils  in  the  Engineers  Lake  watershed  are  presented  in  Table 
7A-2,  along  with  the  chemical  half-lives  in  soils  used  in  these  calculations. 


No  allowances  were  made  for  infiltration  losses.  Although  these  losses  can  be  significant, 
it  is  beyond  the  scope  of  this  analysis  to  determine  the  extent  of  grotmdwater  recharge  in 
the  basin.  Therefore,  it  is  conservatively  assumed  that:j^  loss  to  groundwater  occurs.  This 
conservative  assumption  increases  the  soil  conce^rations  and  thus  the  surface  water 
concentrations. 

1X332  Determination  of  Steady  State  gpil  Cone^rations 

Based  on  the  rate  of  deposition  andii^ipss  i^fontaminants  in  soil  from  surface  runoff  and 
degradation,  the  steady  state  s(^li?ncp^i0Ss  for  each  contaminant  evaluated  that  will 
accumulate  during  the  opersyipiiiiQf 'i^sfecility  were  calculated  as  follows: 

Mn  =  (VKi)  •  (l-e*“*^ig^d  *  B) 


Where: 


Mn  =  Maximum  contaminant  soil  concentration  (g/kg). 

K2  =  Annual  deposition  rate  for  contaminant  (g/m^-year). 
Ki  =  Contaminant  loss  rate  (per  year), 
t  =  Life  of  the  incinerator  (2  yrs). 
d  =  Depth  of  incorporation  (0.2  m). 

B  =  Bulk  density  (1.425E+06  g/m^). 

CF  =  Conversion  factor  (1,000  g/kg). 
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Table  7A>2 


Ltam  Rates  aral  Half-Lives  for  Soils 
in  the  ET^irteers  Lake  Uatershad 


Poi lutant 

K1 

Half  Life 

(  per  year) 

(years) 

ORGANICS 

Acetoni tri le 

1.87E-03 

I.OOE-^03 

Aldrin 

1.87E-03 

1.00£^03 

Atrazine 

1.39E+00 

5.00E-01 

Benzaldehyde 

1.87E-03 

1,00E-^03 

Benzofuran 

1.87E-03 

I.OOE^-03 

Benzoic  Acid 

1.87E-03 

1.00E+03 

Benzonitrile 

1-87E-03 

1.00E^03 

Bi^enyl 

1.87E-03 

I.OOE^-03 

Carbazole 

1.87E-03 

1.00E+03 

4-Chlorobi phenyl 

1.87E-03 

1.00E^03 

4 , 4 - Ch 1 orobi pheny 1 

1.87E-03 

1.00E+03 

4Ch  1 0  rof^eny  1  me  t  hy  1  su  1  f  one 

6.94E-01 

I.OOE^OO 

4  -  Ch  1  orohpeny  L  me  t  hy  1  su  1  f  ox  i  de 

6.94E-01 

.1:U$0E^00 

p,p*DDE 

r.82E-02 

.:ni?;t0E+00 

p,p-DDT 

7.82E-02  .r; 

■;r;l.D0E+00 

Di benzofuran 

1.81^-OXi® 

"-SiSQE+03 

Dieldrin 

1  .STt-^ 

1 

Di isopropyl  Methyl phosphonate 

Z.OOiifiB;; 

1 ,3-0im8thylbenzene 

1.87giil)3 

*.1.00E*03 

Din^thyl  Methyl phos^onate 

aiiliE+Otslr 

y"3.40E-02 

Dimethylphosphate 

1  .iS?i“iD3(;r=" 

I.OOE-^OS 

Dioxins/Furans  (EPA  TEFs) 

S.89e-jBEUs. 

.  1,20E*01 

D i th i ane  M 

iillH:4.87E-0!5=ii 

Uu^-OOE-^Oa 

Endrin 

■^.OOE^O^ 

Hexach 1 orobenzene 

Kp.lTllSSiff 

6.00E+00 

Hexachlorocyclopentadiene... 

•;sii.si¥^03" 

I.OOE-^03 

Isodr  in 

"4i|i?E-03 

1.00E-»*03 

Ma  lath  ion  , 

f5iS-03 

1.00E+03 

Methanol  -Slii 

iiHM.®^-03 

1.00E4.03 

4  -  N  i  t  r^^heno  1 

^®iSyB7E"03 

1„00E^D3 

PAHs  . 

Acenaph  t ha  1 

1.87E-03 

1.00£^03 

Acensphthe^^^' . 

^  1.87E-03 

1.00S+03 

Benzo<a)|^hEne 

8.20E-01 

8.47E-01 

Chrysene Ug 

6.55E-01 

1.06E+00 

D  i  benzoC  a , 

6.04E-01 

l.lSE'i-OO 

Fluorem 

1.87E-03 

1.00E«03 

Phenanthrene 

9.45E-01 

7.34E-01 

Pyrene 

9.74E-01 

7.12E-01 

Parathion 

1.S7E-03 

1.00E+03 

Phenol 

1.87E-03 

I.OOE^OB 

Pyridim 

1.87E-03 

1.00E+03 

Quinoline 

1.87E-03 

1.00E->03 

Supom 

1.87E-03 

1.00E^03 

T  r  i  ch  1  orobenzene 

1 .87E-03 

I.OOE-^'OB 

Urea 

1.87E-03 

I.OOE-S'OS 

Vapona 

1.87E-03 

1.00£^03 

INC^GANICS 

Alumimju 

1.87E-03 

1,00E^03 

Arsenic 

1.87E-03 

1.00E<^03 

Barium 

1.87E-03 

1.00£^03 

Beryllium 

1,87E-03 

1.00E^03 

Boron 

1.87E-03 

1.00£-«-03 

Cadmiun 

1.87E-03 

1.00E^03 

Calcium 

1.87E-03 

I.OOE^QB 

Chromium  (III) 

1.87E-03 

1.00E+03 

Chromium  (VI) 

1.87E-03 

1.00E*«-03 

Cobalt 

1,87E-03 

1.00E+03 

Co|:^r 

1.87E-03 

I.OOE-^OB 

I  ron 

1.87E-03 

1.00E-^03 

Lead 

1.8rE-03 

1.00E^03 

Lithium 

1.S7E-03 

1.00£->03 
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T^le  7A-2 
(continued) 


Manganese 

1.87E-03 

1.00E+03 

Molytxienijn 

1.87E-03 

1 .00E-*>03 

Phosphorus  (total) 

1.87E-03 

1.00E-»-03 

Potassiun 

1.87E-03 

1.00E<»>03 

Seleniun 

1.87E-03 

1.00E*03 

Silicon 

1.87E-03 

1.00E‘f03 

Si Ivcr 

1.87E-03 

1.00E+03 

Sodium 

1.87E-03 

l.OOE+03 

Strontium 

1.87E-03 

l.OOE+03 

Tin 

1.87E-03 

1.00E^03 

Titanium 

1.87E-03 

l,00E+03 

Vanadium 

1.87E-03 

1.00E'»'03 

Yttrium 

1.87E-03 

1.00E+03 

Zinc 

1.87E-03 

1.00Ei'03 
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Tlie  receiving  water  contaminant  concentration  is  a  function  of  the  suspended  solids  in  the 
inflow  and  outflow,  as  well  as  the  concentration  of  contaminants  in  the  soil.  No  data  were 


available  for  the  suspended  solids  concentration  of  .Engineers  Lake.  Therefore,  it  was 
assumed  that  the  lake  had  a  suspended  solids  outflow  concentration  of  100  mg/L. 


The  inflowing  suspended  solids  concentration#I§  b^d  on.the  conservative  assumption  that 
95  percent  of  inflowing  suspended  sedirn&ito  setS^pUt  in  Engineers  Lake.  The  equations 
used  to  calculate  the  impoundment  conta^i^li^icentration  are: 


Si  =  So/(l-RE) 

Ci  =  Si  “  Mn  •  CF . . 


Where: 


Si 

So 

RE 

Ci 


Suspended  solids  concentration  in  inflow  (mg/L) 

Suspended  solids  concentration  in  outflow  (100  mg/L)  (assumed  value) 
Suspended  solids  removal  efficiency  (assume  95  percent) 

Inflow  total  concentration  (ng/L) 


TAle  7A-3 


Naxina  Contmrant  Soil  Concentrations,  Emission  Sates,  and 
Annual  Deposition  Rates  in  the  Engineers  Lake  llatershed 


EMISSION  Annual 

Pollutant  Soil  Concent  RATE  Deposition 


ORGANICS 

Acetonitrile 

Aldrin 

Atrazine 

Benzaldehyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Biphenyl 

Carbazole 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

4Ch I oropheny I me thy I su I f one 

4*Chlorohpenylmethylsulfoxide 

p,p-0DE 

p,p-DDT 

Di benzofuran 

Oieldrin 

Oi isopropyl  Methyl phosphonate 
1 , 3-D i methyl benzene 
Dimethyl  Methyl phosphonate 
Dimethylphosphate 
Oioxins/Furans  (EPA  TEFs) 
Dithiane  Hni 

Endrin 

Hexach I orobenzene 

Hexach  lorocyc  I  opentadif^|iMinH:|;: 

Isodr  in  iS' 

Ma  I  ath  i  on  .-iffiiB 

Methanol 

4-Nitrophenol 

Acenaphthalift* 

AcenaphtSi^ 

BenzoCaipih^^ 

Chrysene 
D  i  benzol  a ,  h  ) 

Fluorene 

Phenanthrene 

Pyrene 

Parathion 

Phenol 

Pyridine 

Quinoline 

Supona 

Tri chi orobenzene 

Urea 

Vapona 

INORGANICS 

Aluminisn 

Arsenic 

Baritsn 

Berylliun 

Boron 

Cacknium 

Calciun 

Chromium  (III) 

Chromiun  (VI) 

Cobalt 

Copper 

Iron 

Lead 


(g/Kg)  g/sec  (g/m2-year) 


1.48E-16 

2.35E-11 

2.11E-U 

1.57E-18 

2.49E-13 

2.24E-16 

1.18E-19 

5.53E-14 

4.98E-17 

3.22E-14 

5.10E-09 

4.59E-12 

6.17E-U 

9.79E-09 

8.81E-12 

1.56E-U 

2.47E-09 

2.22E-12 

1.48E-17 

2.35E-12 

2.11E-15 

1.54E-14 

2.45E-09 

2.20E-12 

2,96E-18 

4.70E-13 

4.23E-16 

1.79E-14 

2.84E-09 

2.56E-12 

2.35E-16 

3.72E-11 

3.35E-14 

3.10E-18 

:9ai08E-13 

8.17E-16 

1.15E-17  . 

:iP3;38E-12 

3.04E-15 

2.42E-15 J 

iiHy^,l4E-10 

3-73E-13 

4.85E-1«Uii 

7.46E-17 

3.08Ef:J5" 

4.40E-13 

4.60E-17 

4,=QSr-17 

:::8.98E-12 

8,08E-15 

r  9.79E-10 

8.81E-13 

2.14E-10 

1.93E-13 

3.7oHgiife. 

5.87E-11 

5.28E-14 

i«.71E-11 

7.84E-14 

=="8.98E-15 

8.0SE-18 

4.97E-U 

4.47E-17 

1.67E-11 

1.50E-14 

lli!82E-18 

4.63E-13 

4,17E-16 

8tije-i9 

1.31E-13 

1.18E-16 

2.00E-13 

1.80E-16 

3V58E-U 

5.68E-09 

5.11E-12 

i.30E-17 

2.07E-12 

1.86E-15 

1.54E-14 

2.45E-09 

2.20E-12 

1.54E-14 

2.45E-09 

2.20E-12 

1,52E-15 

4.89E-10 

4.40E-13 

1.72E-15 

4.89E-10 

4.40E-13 

1.79E-15 

4.89E-10 

4.40E-13 

3.08E-15 

4.89E-10 

4.40E-13 

2.78E-15 

9.79E-10 

8.81E-13 

1.36E-15 

4.89E-10 

4.40E-13 

1.74E-19 

2.76E-U 

2.48E-17 

1.67E-13 

2.65E-08 

2.38E-11 

1.48E-18 

2,35E-13 

2.11E-16 

7.38E-18 

1.17E-12 

1.05E-15 

5.23E-19 

8.29E-14 

7.46E-17 

1.05E-17 

1.66E-12 

1.49E-15 

2.26E-13 

3.59E-08 

3.23E-11 

1.39E-18 

2.21E-13 

1.99E-16 

4,09E-09 

6.49E-04 

5.84E-07 

8.13E-10 

1.29E-04 

1.16E-07 

1.99E-10 

3.16E-05 

2.84E-08 

8.32E-12 

1.32E-06 

1.19E-09 

6.07E-09 

9.63E-04 

8.67E-07 

2.37E-11 

3-76E-06 

3.38E-09 

3.49E-08 

5.53E-03 

4.98E-06 

5.41E-11 

8.58E-06 

7.72E-09 

1.90E-12 

3.02E-07 

2.72E-10 

1.79E-10 

2.84E-05 

2,56E-08 

7.63E-07 

1.21E-01 

1.09E-04 

1.08= -08 

1.72E-03 

1.55E-06 

2.5^^-10 

4.05E-05 

3.64E-08 
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Table  7A-3 
(csntimiad) 


Lithium 

2.50E- 

11 

3.96E-06 

3,56E-09 

Manganese 

3.24E- 

08 

5.14E-03 

4.63E-06 

Moiybdemjm 

2.50E- 

09 

3.97E-04 

3.S7E-07 

Phosf^orus  (total) 

7.75E- 

07 

1.23E-01 

1.11E-04 

Potass iui 

2.58£< 

07 

4.09E-02 

3.68E-05 

Seleniua 

2.09E- 

06 

3.31E-01 

2.98E-04 

Silicon 

3.59E- 

08 

5.70E-03 

5-13E-06 

Silver 

2.16E- 

08 

3.43E-03 

3.09E-CNS 

Sodium 

2.65E- 

05 

A.ZIE^'OO 

3.79E-03 

Strontiwj 

8.32E- 

12 

1.32E-06 

1.19E-09 

Tin 

i.a3E- 

09 

2,91E-04 

2.62E-07 

Titanium 

1.39€- 

11 

2.20E-06 

1,98£-09 

Vanadium 

5.31E- 

10 

8.42E-05 

7.58E-08 

Yttrium 

4.85E- 

12 

7.70E-07 

6.93E-10 

Zinc 

3.69E* 

09 

5.86E-04 

5.27E-07 

A 
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Direct  aerial  deposition  onto  Engineers  Lake  represents  an  additional  source  of  pollutants. 
The  contribution  by  direct  deposition  was  calculated  by  first  determining  the  total  deposition 
factor  for  the  lake.  This  factor,  9.00E-04,  is  the  same  as  that  described  previously  for  soil 
loss. 


The  concentration  due  to  deposition  was  calculated  by  determining  the  mass  of  pollutants 
falling  onto  1  square  meter  of  lake  surface.  The  pollutant  mass  was  then  mixed  in  the 
volume  of  water  underlying  the  square  meter  of  1^^  surface,  which  was  based  on  an 
average  depth  of  six  meters  (Nancy  Koenig,  Persoo^ffi^inmunication,  1990).  An  assumed 
hydraulic  residence  time  of  0.5  year  was  factorp  into  fplpnal  equation  to  account  for 
pollutant  loss  by  outflowing  water.  The  equa^on  wpd  to  calculate  the  concentration  from 
dirert  deposition  is: 


Md  =  SA  •  K2i  •  Tr 


Where: 


Mass  depositPliirp^iiy  into  unit  volume  (grams) 
Unit  surface  area'll  m^) 

Area-weighted  deposition  (g/yr  m^) 

Hydraulic  residence  time  (0.5  year) 


The  contaminant  concentration  from  sedimentation  and  aerial  deposition  were  combined 
in  the  following  equation  to  form  an  intermediate  water  concentration: 


Ci2  =  Ci  +  ((Md  •  NGG)/Vp) 
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Where: 


Ci2  =  Intermediate  unit  voltune  concentration  (ng/L) 

Ci  =  Contaminant  concentration  due  to  erosion  losses  (ng/L) 

Md  =  Mass  due  to  aerial  deposition  (g) 

Vp  =  Volume  of  water  under  1  m^  of  lake  surface  (L),  based  on  average  depth 
of  6.0  meters  (Adams  County  Parks  Dept,  1990) 

NGG  =  Conversion  factor  for  grams  to  nanograms  (IE +09  ng/g) 


The  concentration  of  contaminants  in  Engineers  Lake  is  a  function  of  the  intermediate 
concentration,  Ci2,  the  suspended  solids  concentration  in  outflow  and  inflow,  and 
partitioning  of  the  contaminant  between  dissolved  andjSolid  phases.  The  equation,  which 
is  presented  below,  represents  the  total  water  colun^poncentration  and  takes  into  account 
dissolved  and  particle  boimd  contaminants.  "''lib;:, 

Ct  =  Ci2  “  (l  +  (So  •  Kp  “  KGMG))J|^  •  Kp  *  KGMG)) 

Where: 


Ct  =  Total  water. .cpihi^^oncehtration 

Ci2  =  Intermed^M^^^t'^^^e  concentration  (ng/L) 

50  =  Suspeal^  solitliiioncentration  in  outflow  (mg/L) 

Kp  =  Partitioi"^ii^|5cipt  (L/kg) 

KGMG  =  Conversioh’i^pf  (lE-06  kg/mg) 

51  =  Suspended  solids  concentration  in  inflow  (mg/L) 


The  water  concentrations  and  partition  coefficients  used  in  the  fish  ingestion  pathway  are 
presented  in  Tables  7A-4  and  7A-5,  respectively. 
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Table  7A-4 


Surface  Uater  Concentratloro  for  Contwnanta 
of  Concern  in  Fish  Ingestion  Espoeure  Fathueys 


Pollutant 

ORGANICS 


Uater  Concentration 
for  Fish  Pathway  (mg/L) 


Acetonitri  le 

2.03E-15 

Aldrin 

1.08E-18 

Atrazine 

2.31E-18 

Benzaldehyde 

4.17E-13 

Benzofuran 

4.58E-13 

Benzoic  Acid 

1.87E-13 

Benzonitri le 

1.90E-16 

Biphenyl 

6.23E-U 

Carbazole 

9.91E-18 

4 -Chlorobi phenyl 

1.37E-14 

4 , 4 - Ch 1 or ob i phenyl 

1.65E-16 

4Ch 1 oropheny 1  n»  t hy 1 su 1 f one 

7.11E-17 

4 - Ch 1 0 r ohpeny 1 me t hy 1 su 1 f ox i de 

2^-16 

p,p-DDE 

::iii80E-15 

p,p-0DT 

Di benzofuran 

iiii'ili'iiSiBiT.is 

Dieidrin 

2.2a6iii«. 

0  i  i  sopropy  1  Methyl  phosphona  telur-i-^ 

6.76E-1«V 

1 , 3 -0 i  met hy 1 benzene 

Dimethyl  Methyl phosphonatdgU;:. 

;iHip.59E-U 

Dimethyl phosphate 

iHF5.07E-t5 

Dioxins/Furans  (EPA  TEFs) 

Pilu.3.76E-16 

Dithiane 

■-;li^«E-19 

E  ndr  i  n  ® 

...  ■'Sf.68E-19 

Hexachlorobenzene 

i®7.33E-17 

Hexach  1  orocyc  1  opentadi 

"  2.06E-18 

Isodrin 

5.68E-19 

Ma lath  ion 

7.30E-18 

Methanol 

4.91E-13 

4  -  N  i  t  ropheridji§iH;;.:;:fe^' . 

7.37E-17 

PAHS 

Ac«ii|6ifi!ll,Bner:*'"  . 

1.88E-14 

2.20E-14 

,::iiizo(a)py'i^ 

1,96E-15 

2.01E-15 

D  i  ,  ji^ght  h  racene 

1.99E-15 

Fluof^iSiigii”' 

2.93E-15 

Phenanthrigt^ 

4.87E-15 

Pyrene 

2.06E-15 

Parathion 

2.82E-19 

Phenol 

2.17E-12 

Pyridine 

2.01E-17 

Quinoline 

8.42E-17 

Supona 

2.26E-18 

Trichlorobenzene 

1.40E-17 

Urea 

3.10E-12 

Vapona 

1.82E-17 

INORGANICS 

Aluninun 

3.10E-09 

Arsenic 

6.16E-10 

Bar  inn 

1.40E-10 

Beryl  liun 

5.84E-12 

Boron 

4.60E-09 

Ca^iun 

1.68E-11 

Calciun 

2.45E-08 

Chromiijn  (III) 

3.80E-n 

Chromiun  (VI) 

1.34E-12 

Cobalt 

1.26E-10 

Copper 

5.48E-07 

1  ron 

7.61E-09 

Lead 

1.83E-10 

Li thiim 

1.75E-11 
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Table  7A-4 
(csfttinusd) 


Manganese 

2.27E-08 

Molybdenum 

1.76E-09 

Phos^orus  (total) 

5.87E-07 

Potassium 

2.18E-07 

Selenii^ 

1.5K-06 

Silicon 

2.72E-08 

Si Iver 

1.62E-08 

Sodii^ 

1.a6E-05 

Strontium 

5,84E-12 

Tin 

1.32E-09 

Ti  taniisn 

9.73E-12 

Vanadium 

3.73E-10 

Yttrium 

3.41E-12 

Zinc 

2.65E-09 
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7A-5 


PoGition  Coefficients  for  Contaeinents  of  Comm 
in  Surface  Uater/Fish  Ingestion  Pathway 


PoL lutant 


Partition 


ORGANICS 

Acetonitrile 

Aldrin 

At ratine 

Benzaldehyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Biphenyl 

Carbazole 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

4Chlorophenylmethylsulfone 

4 -Ch I orohpenylmethyl sulfoxide 

p,P'DDE 

p,p-DDT 

Di benzofuran 

Dieldrin 

D i i sopropyl  Methylphosphonatcj 

1 , 3 - D i me t hy I benzene 

Dimethyl  Methyl phosphonateipP 

Dime  thy  I  phosphate 

Dioxins/Furans  (EPA  TEFs) 

Dithiane 

Endrin 

Hexach I orobenzene 
HexachLorocyclopentad^i^ 

Isodr  in  . 

Ma  lath  ion  'fiffi 

Methanol 

4  -  N  i  t  rophe*^!" 

PAHS 


.;:^hysene  ''Ug; 

Phehafiiifenp.Sfe 

Pyrene 

Parathion 

Phenol 

Pyridine 

Quinoline 

Supona 

Tri chi orobenzene 

Urea 

Vapona 


Coefficient  (Kp) 
(L/kg) 

4.57E-01 
2-51E+07 
4.79E+02 
3.02E^01 
4.68£'<’02 
7.41E+01 
3,63E^01 
1.45E+03 
1 .95E-»'03 
7.94E+04 
3.80E^05 
1.58E+01 
2.14E-^01 
4^5QE+05 
.:i^i^E+06 
aii32E^04 

5.375*&.1 
1 .58Ei«51: 

.:y  .32E-0?" 
il.32E-02 
■  1.26E+06 
.  5.89E+00 
ipi.63E*04 
^^i2,95E+05 
ir  3.24E+05 
3.24E^06 
7.76E-»'02 
1.51E-01 
8.13E*02 

1.17E+04 

8.32E-^03 

2.63E^06 

6.17E+05 

3.16E^06 

2.40E^04 

3.72E+04 

1.51E+05 

6.46E>03 

2.88E^01 

4,57E^00 

1.07E+02 

1.29E'»-03 

9.55E^03 

1.07E-03 

2.51E^01 


INORGANICS 

Aluninum 

Arsenic 

Bariun 

Beryllium 

Boron 

Cadmiun 

Calcium 

Chromiun  (III) 

Chromium  (VI ) 

Cobalt 

Copper 

I  ron 

Lead 

Lithium 

Manganese 


9.00E+04 

9.00E+04 

4.00E+05 

4.00E^05 

9.00E^04 

3.00E+05 

4.00E-^05 

4.00E-»-05 

4.00E+05 

4.00E+05 

2.00E+05 

4.00E+05 

2.00E+05 

4.00E^05 

4.00E+05 
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Table  7A-5 
Ccoaitfrajsd) 


Molybdenon 

4.00E*<-05 

Phosphorus  (total) 

9.00E^04 

Potass  iisn 

4.00E-J-04 

SeleniiA 

9.00E-»-04 

Silicon 

9.00E>f04 

Si Iver 

1.00E'»-05 

Sodiisa 

4.00E-»-05 

Strcntiisj! 

4.00E't>05 

Tin 

2.00E-S-05 

Titaniuia 

4.00E+05 

VanadiLHn 

4.00E+05 

YttriuBs 

4.00E+05 

Zinc 

2.00E^05 

sseccsT.m 
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APPENDIX  8A 


DERIVATION  OF  SOIL  POLLUTANT  CONCENTRATIONS 


i 


APPENDS  8A 


DERIVATION  OF  SOIL  POLLUTANT  CONCENTRATIONS 

This  appendix  presents  a  detailed  discussion  of  the  methods  used  to  determine  the  soil 
pollutant  concentrations.  These  values  were  used  to  determine  exposure  through  the  soil 
pathway. 

Pollutant  levels  in  soil  were  calculated  for  those  pollutants,  identified  in  Section  7,  to  be  of 
concern  through  the  soil  pathway.  They  include  se^fvolatile  organics  and  trace  metals 
predicted  to  increase  in  the  soil  by  1  percent  or  mot^^^  background  concentration.  Soil 
pollutant  levels  were  calculated  based  on  depos|pm  oveFl^ear  period.  It  was  assumed 
that  trace  metal  poUutant  levels  in  the  soil  =^,j|pEfected  by  degradation  or  other  loss 
processes.  For  organics,  degradation  was  ja^uat^n^y  for  those  pollutants  for  which  half- 
life  data  in  soils  were  available.  Thu^^^Sgon  through  first  order  rate  loss  was 
calculated  for  atrazine,  A-chloropheapIpiptli^i^pfone,  4-chlorophenylmethysulfoxide,  DDE, 
DDT  diisopropyl  methylpho^pn||^^|pBdns/furans,  endrin,  hexachlorobenzene, 
benzo(a)pyrene,  chrysene,  dibj|^||||g||||g^  fluoranthene,  phenanthrene,  and  pyrene. 

The  equations  used  to  calciM^if oj^tMntanii^  concentrations  are  as  follows. 


No  Degradation 


The  formula  for  determining  the  maximum  concentration  of  a  pollutant  in  soil  with  no 

I 

chemical  degradation  is: 


-^soiUmax 


=  D 


total 


1  X  1  x  T  X  CF 
BD  SD 


Where: 


C 


6oil-max 


Maximum  pollutant  concentration  in  soil  due  to  deposition  (mg/kg). 
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T 

CF 

SD 

BD 


Total  deposition  rate  (g/m^/yr). 

Accumulation  time  (2  years),  life  of  incinerator. 
Conversion  factor  (1,000  mg/g). 

Mking  depth  of  soil  (0.1  or  0.2  meters). 

Bulk  density  of  soil  (1,425  kg/m^). 


The  soil  bulk  density,  which  was  used  (1,425  kg/m^),  was  based  on  an  average  value  from 
the  various  soil  types  that  occur  in  the  Rocky  Mountain  Arsenal  vicinity  (Price,  1990). 

Average  soil  pollutant  concentrations  that  would  occur  over  the  70-year  lifetime  of  an 
individual,  assuming  no  chemical  degradation,  were  calculated  as  follows: 

2  years  years  (C«ii.«J 

70  years  jif'’  .  70  years 

Where: 

=  Average  piiiiui^t.cdi^ntration  in  soil  due  to  deposition  (mg/kg). 
Cjoiinma*  =  ooncentTation  in  soil  due  to  deposition  (mg/kg). 

The  first  term  in  this  equatiiiijtecoi^s  for  the  two  years  of  deposition,  and  the  second  term 
accounts  for  the  years  foilowing'iie  facility  lifetime. 


The  following  equation  was  used  to  calculate  the  maximum  concentration  of  a  pollutant  in 
soil,  assuming  that  degradation  is  occurring: 


CsoiHim  =  D,o«]  X  _L  X  X  X  X  CF 

BD  SD  k 
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Where: 


e  B  The  base  of  the  natural  logarithms, 
k  =  First  order  decay  constant  (yr'*). 

All  other  variables  are  as  previously  defined  in  this  appendix. 


The  first  order  decay  constant,  k,  was  calculated  as: 


k  =  ln(2)/T.half 

Where: 

ln(2)  =  0.6931472 

T-half  =  Chemical  halMife  in  soil 

•  Atrazine  =  03  years  (El^iPC||p^90). 

•  4-Chlorophenylmet|||feBJ|0^  year  (Ebasco,  1990). 

•  4-Chlorophenyj[m|^yljiilliiQd^^^  =  1  year  (Ebasco,  1990). 

•  DDE  =  9  5f^!S  (j^^^"i990). 

•  DDT  i^fS^’fhasco,  1990). 

•  Diisopi^l  mJpiylphosphonate  =  2  years  (Ebasco,  1990). 

•  Dimethyl  melbylphosphonate  =  0.03397  years  (Ebasco,  1990). 

•  Dioxins/Furans  *=  12  years  (EPA,  1986a). 

«  Endrin  *  10  years  (Ebasco,  1990). 

*  •  Hexachlorobenzene  =  6  years  (EPA,  1986a). 

.  PAHs 


•  Benzo(a)pyrene  =  0.847  years  (Park  et  al.,  1990). 

•  Chrysene  =  1.06  years  (Park  et  al.,  1990). 

•  Dibenzo(a,h)anthracene  =  1.15  years  (Park  et  al.,  1990). 

•  Fluoranthene  =  1.03  years  (Park  et  al.,  1990). 

•  Phenanthrene  =  0.734  years  (Park  et  al.,  1990). 

•  Pyrene  =  0.712  years  (Park  et  al.,  1990). 
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An  average  soil  concentration  based  on  degradation  was  determined  by  calculating  a  soil 
concentration  for  every  day  over  70  years.  For  the  2  years  of  facility  operation,  it  was 
assumed  that  each  successive  day  would  involve  a  new  day’s  worth  of  deposition  as  well  as 
the  amount  left  over  from  the  previous  day  after  degradation.  The  first  equation  presented 
in  this  appendix  was  used  to  calculate  a  soil  concentration  for  the  first  day  of  deposition  by 
assuming  T=  1/365 =2.74E-03.  Degradation  was  calculated  using  the  following  equation: 


Where: 


Cp  =  C^f 


Cj-  =  Concentration  of  organic  in  soil,i|pay  end  (mg/kg). 
Co  =  Concentration  of  organic  in  soi;iiPii%,  start  (mg/kg). 
T  =  Time  (2.74E-03  yr). 


The  concentration  in  soil  left  after  the  515^41/5  dil^idation  (Cp)  was  added  to  the  amoimt 
of  contaminant  deposited  on  the  second^^^."-!|i^£iip?as  assumed  that  thk  process  would 
continue  each  day  over  2  years.  Th|g^utaiUncentration  at  the  end  of  year  2  represents 
the  maximum  soil  concentration.;^ec^ili^rthe  70-year  lifetime  of  an  individual.  The 
pollutants  were  assumed  to  cf;»piaj.|^^|||egrade  from  year  3  to  the  end  of  year  70  so  that 


the  soil  pathway,  two  mixing  depths  were  used  to  calculate  soil  concentrations,  0.1  meter  (10 
cm)  and  02  meter  (20  cm). 

Pollutant  concentrations  in  soil  determined  for  a  0.1-meter  mixing  depth  were  used  in 
predicting  exposure  through  the  following  routes  of  exposure: 


Exposure  through  child  soil/dust  ingestion. 


S34C/aaA 


8A-4 


1/21/91 


•  ^3q}0sure  through  child  dermal  absorption. 

•  Exposure  through  adult  soil/dust  ingestion. 

•  Exposure  through  adult  dermal  absorption. 

For  these  exposure  routes,  the  pollutants  were  assumed  to  be  uniformly  distributed  in  the 
top  0.1  meter  of  the  soil. 

Pollutant  concentrations  in  soil  established  for  a  02-meter  mixing  depth  were  used  for  the 
following  routes  of  exposure: 

•  Exposure  through  vegetable  consumptit^-' 

•  Intake  by  cattle  through  grain,  hay,  a^libin  silage  ingestion. 

The  02-meter  mixing  depth  was  based  on  th^|§si|pption  that  only  the  top  0.2  meter  (8 
inches)  of  soil  would  be  disturbed  by  dikpg  or  roG^iliUng  (EPA,  1986b). 

For  all  pollutants,  maximum  soUii^Bceclj^ions  were  used  in  estimating  potential 
noncardnogenic  effects.  Averageli^  cipii^iirltions  were  used  in  calculating  carcinogenic 
risk  for  children  and  adults,  sic^i|thf=’i^^lation  of  carcinogenic  risk  is  based  on  a  70-year 
lifetime  exposure.  Sincejnlliants  ei^osed  for  only  1  year  during  which  exposure 
concentrations  will  be  at  a  maximum  soil  concentrations  were  used  in  the 

calculation  of  carcinogenic  risk  to  1ihe  infant 

Tables  8A-1  through  8A-4  present  the  pollutant  concentrations  in  soil  based  on  the 
Resident-A,  Resident-B,  Farmer,  and  Worker  scenarios,  respectively.  It  should  be  noted 
thkt  the  soil  concentrations  calculated  for  the  Farmer  scenario  also  were  used  in  the 
Resident-A  and  Resident-B  scenarios  in  estimating  pollutant  uptake  through  milk  and  beef 
consumption. 
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Table  8A-1 


Soil  Concentrations 
Resident'A  Scenario 


AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

TOTAL 

CALCULATED 

CALCULATED 

CALCULATED 

CALCUUTID 

DEPOSITION 

O^C  IN 

O^C  IN 

OM^C  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

g/M2/yr 

.2« 

.2M 

.1M 

wg/tCg 

ang/Kg 

m/^9 

oig/Xg 

«Wfi!CS 

Acetone 

m 

NA 

NA 

NA 

NA 

Acetonitri le 

8.22E-14 

5.69E-13 

5.77E-13 

1.14E-12 

1,151-12 

AcryionItPi 1© 

NA 

NA 

NA 

NA 

NA 

Aldrin 

8.71E-16 

6,03E-15 

6.12E-15 

1.21E-14 

1. 222-14 

Atn02ine 

1. 942-16 

1.39S-17 

4.57E-16 

2.782-17 

9.141-16 

Sematde^iyde 

I.TBE-II 

1.23E-1D 

1.25E-10 

2.471-10 

2.511-10 

ienxeftt 

NA 

NA 

NA 

NA 

NA 

Semofurcn 

3.43E-11 

2.37E-10 

2.40E-10 

4.74E-10 

4.811-10 

iemofc  Acid  ^  = 

8.64E-12 

5.9^-11 

6.07E-11 

1.20E-10 

1.211-10 

SenscnitfUe 

8.22E-15 

5.69£‘‘14 

5.77E-14 

1.14E-13 

1.151-13 

Biphenyl 

m 

NA 

NA 

NA 

NA 

®roTOwethi®ne 

m 

NA 

NA 

NA 

NA 

Carbasole 

1.64E-15 

1.14E-14 

1.15E-14 

2.28E-14 

2.311-14 

Capfeen  Tetnehlopide 

NA 

NA 

NA 

NA 

NA 

Chlofotoeniene 

NA 

NA 

NA 

NA 

NA 

4 “Ch 1 ©rob i phenyl 

9.94E-12 

6.88E-11 

6.98E-11 

1.38E-10 

1. 401-10 

4 , 4  -  Ch  1  ©  rob  i  ^©ny  1 

1.30E-13 

9.01E-13 

9.14E-13 

1.80E-12 

1.831-12 

Chlopofopii 

NA 

NA 

NA 

NA 

NA 

4  “  Ch  1  ©repheny  1  we  thy  1  su  1  f  one 

3.18E-15 

4.58E-16 

1o2?^-14 

9.15E-16 

2.40E-14 

4  -  Ch  1  oropheny  1  a©  thy  1  sy  1  foil  i  de 

1.1SE-14 

1.70E-15 

4.47E-14 

3.41E-15 

S.94E-U 

PfP-ODE 

1.45E-12 

1.87E-12 

9.39E-12 

3.74E-12 

1.8SE-11 

P,P"00T 

2.90E-16 

3.75E-16 

1.88E-15 

7.49E-16 

3.76E-15 

0  ibemof  ur^ 

1.71E-12 

1.18E-11 

1.20E-11 

2.371-11 

2.402-11 

Dichlorobensaw  <t©tal) 

NA 

NA 

NA 

NA 

NA 

1 ,4-Diehlor©tens«s 

NA 

NA 

NA 

NA 

NA 

1 , 1  ”D  i  eh  leroethene 

NA 

NA 

NA 

NA 

NA 

1  p2-Diehl©r©ethme 

NA 

NA 

NA 

NA 

NA 

1 ,2 -01  chi  ©reproof® 

NA 

NA 

NA 

NA 

NA 

Dieldrln 

1.79E-16 

1.24E-15 

1.26E-15 

2,471-15 

2.51E-15 

Diitc^epyl  W€thylphesph«fwt© 

3.14E-14 

9,£«-15 

1.59E-13 

1.81E-U 

3.m-i3 

1 ,3-&iii©thylb©meTO 

3.43E-12 

2.37E-11 

2.40E-11 

4.741-11 

4.81E-11 

Diiwthyldisulf  isie 

NA 

NA 

NA 

NA 

NA 

Dfwthyl  Methyl phesphonate 

7.49E-13 

3.57E-15 

1.25E-13 

7.141-15 

2.501-13 

Diiwthyiphwphate 

2.05E-13 

1.42E-12 

1.44E-12 

2.841-12 

2.881-12 

Dl©siTO/Fuf®fS  C£PA  TE^O) 

5.25E-13 

8,91E-13 

3.47E-12 

1.7K-12 

6.93E-12 

DIthiJin© 

3,UE-17 

2.17E-16 

2.21E-16 

4.351-16 

4.41E-16 

Efs^rin 

1.74E-16 

2.4^-16 

1.14E-15 

4.971-16 

2.271-15 

Ethyltemene 

NA 

NA 

NA 

NA 

NA 

heMch  i  ©robemene 

5o84E-14 

5.05E-14 

3.65E-13 

1.011-13 

7.30E-13 

h  exach  1  ©rocyc  1  ©pent  ©d  1  me 

1.62E-15 

1.12E-14 

1.UE-14 

2.241-14 

2.27E-14 

Jsedrln 

4.58E-16 

3.17E-15 

3.22E-15 

6.34E-15 

6.44E-15 

Malithlon 

7.00E-16 

4,84E-15 

4.91E-15 

9.68E-15 

9.S2E-15 

M ethane 1 

1.99E-11 

1.38E-10 

1.40S-10 

2.751-10 

2.792-10 

Methyl  Chloride 

NA 

NA 

NA 

NA 

NA 

Methylene  Chloride 

NA 

NA 

NA 

NA 

NA 

4-Ni tfophenol 

7.24E-15 

5.01E-14 

5.08E-14 

l.OOE-13 

1.02E-13 
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Table  8A-1 
(continued) 


TOTAL 

DEPOSITION 

RATE 

9/N2/yr 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 

no/Ko 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/lCD 


AVERAGE 
CALCUUTED 
CONC  IN 
SOIL 
.1M 
•O/KS 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
MO/Kg 


PAHS 

Acensphthalcm 
Acenephthefie 
S«nzo(fi)  pyrene 
Chrysene 

D i benzo( a , h )anthr»cene 
Fluoranthene 
Fluorene 
Phenenthrene 
Pyrene 
Parathion 

Pent ach I orobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 

T  et  rach  I  orobenzene 
Tet rach I oroethene 
Toluene 

Tri  chlorobenzene 
Tri chi oroethene 
Urea 
Vapona 

Vinyl  Chloride 
Xylene 

1 MORGAN ICS 
Al^inua 
Amaonia 
AntiiBony 
Arsenic 
Bariua 
QerylliiJB 
Boron 
Cadmi&an 
Calciian 
Chrtanium  (III) 

Chromiiw  (VI) 

Cobalt 

Copper 

Cyanogen 

hydrogen  Cyanide 

Iron 

lead 

li  thiuTt 

Magnesium 


fi.57E-12 

8.57E-12 

1.71E-12 

1.71E-12 

1.71E-12 

5.UE-12 

1.71E-12 

3-43E-12 

1.71E-12 

9.66E-17 

2.61E-14 

9.27E-11 

NA 

4.09E-15 

NA 

2.90E-16 

1.10E-14 

NA 

NA 

5.81E-15 

NA 

1.26E-10 

7.73E-16 

NA 

NA 


NA 

NA 

7.98E-08 

4.51E-07 

1.11E-07 

4.62E-09 

NA 

NA 

NA 

NA 

NA 

NA 

4.23E-04 

NA 

NA 

NA 

1.42E-07 

NA 

NA 


5.93E-11 

5.93E-11 

2.09E-13 

2.61E-13 

2.84E-13 

7.65E-13 

1,18E-11 

3.62E-13 

1.76E-13 

6.68E‘16 

1.81E-13 

6.42E-10 

NA 

2.83E-U 

NA 

2.01E-15 

7.63E-14 

NA 

NA 

4.02E-14 

NA 

8.69E-10 

5.35E-15 

NA 

NA 


NA 

NA 

5.52E-07 

3.12E-06 

7,65E-07 

3.20E-08 

NA 

NA 

NA 

NA 

NA 

NA 

2.93E-03 

NA 

NA 

NA 

9.81E-07 

NA 

NA 


6.02E-11 

6.02E-11 

5.88E-12 

6.67E-12 

6.95E-12 

1.98E-11 

1,20E-11 

1.08E-11 

5.27E-12 

6.788-16 

1.83E-13 

6.51E-10 

NA 

2.87E-14 

NA 

2.04E-15 

7.74E-14 

NA 

NA 

4.08E-14 

NA 

8.82E-10 

5.43E-15 

NA 

NA 


NA 

NA 

5.60E-07 

3.17E-06 

7.76E-07 

3.24E-06 

NA 

NA 

NA 

NA 

NA 

NA 

2.97E-03 

NA 

NA 

NA 

9.95E-07 

NA 

NA 


1.19E-10 

1.19E-10 

4.17E-13 

5.23E-13 

5.67E-13 

1.53E-12 

2.37E-11 

7.24E-13 

3.51E-13 

1.34E-15 

3.62E-13 

1.28E-09 

NA 

5.67E-U 

NA 

4.01E-15 

1.53E-13 

NA 

NA 

8.04E-14 

NA 

1.74E-09 

1.07E-14 

NA 

NA 


NA 

NA 

1.10E-06 

6.25E-06 

1.53E-06 

6.39E-08 

NA 

NA 

NA 

NA 

NA 

NA 

5.86E-03 

NA 

NA 

NA 

1.96E-06 

NA 

NA 


1.2OE-10 

1.20E-10 

1.18E-11 

1.33E-11 

1.39E-11 

3.96E-11 

2.40E-11 

2.15E-11 

1.05E-11 

1.36E-15 

3.67E-13 

1.30E-09 

NA 

5.75E-14 

NA 

4.07E-15 

1.55E-13 

NA 

NA 

8.15E-14 

NA 

1.76E-09 

1.09E-14 

NA 

NA 


NA 

NA 

1.12E-06 

6.34E-Q6 

1.55E-06 

6.48E-08 

NA 

NA 

NA 

NA 

NA 

NA 

5.94E-03 

NA 

NA 

NA 

1.99E-06 

NA 

NA 
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Table  8A-1 

(continued) 


AVERAGE 

MAKl^ 

AVERAGE 

HAXIfW 

TOTAL 

CALCUUTED 

CALCULATED 

CALCULATED 

CALCUUTED 

OEPOSITIW 

COHC  IN 

COHC  IN 

CONC  IN 

cmc  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

gm/yr 

.2H 

.2M 

.1M 

.IN 

«g/Ks 

«o/icg 

«g/Ks 

«0/Kg 

NA 

HA 

NA 

NA 

NA 

Ptercury 

1.25E-07 

a.6AE-07 

8.77E-07 

1c73£-l^ 

i.rsE-06 

Wolyfcdsmji 

NA 

NA 

NA 

HA 

HA 

Nickel 

HA 

HA 

NA 

HA 

HA 

Pti  ©©palate 

HA 

HA 

HA 

HA 

HA 

Petes® iya 

HA 

NA 

HA 

HA 

HA 

Scleniw 

1.16E-03 

So01E*03 

8.13E-03 

1.8C^«02 

1,i3S-02 

Si  lieoi 

NA 

NA 

HA 

HA 

HA 

Si Iver 

1.20E-05 

ao30E-05 

8.42E-05 

1.88£-C^ 

1ciS£*IK 

Sodiun 

HA 

NA 

NA 

HA 

HA 

Strentiyra 

NA 

NA 

HA 

HA 

NA 

Thai t iym 

1.17E-06 

8.06E-^ 

8.18£<>06 

1.81E«05 

UME-OS 

Tin 

HA 

HA 

HA 

HA 

NA 

Ti  tsniuii 

HA 

HA 

HA 

NA 

NA 

VansdiiOT 

HA 

HA 

NA 

HA 

HA 

Yittriiw 

NA 

NA 

HA 

HA 

HA 

Zinc 

HA 

HA 

HA 

HA 

HA 

8A-8 
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Table  8A-2 


CKGANICS 
Acetone 
Acetonitrile 
AcrylonitPi le 
Aldrin 
AtPfiZim 
Benzs  Lde^yde 
Benzene 
Benzofuron 
Benzoic  Acid 
Benzonltrl le 
Biphenyl 
Bromosnethane 
Carbszole 

Carbon  Tetrachloride 

Chlorobenzene 

A-Chlorobiphenyl 

4,A-Chlorobiphcnyl 

Chlorofora 

4  -  Ch  I  oropheny  liaethy  I  au  I  f  one 

4  •  Ch  I  oropheny  Iw  thy  I  sulfoxide 

p,p-DDE 

p,p-00T 

Dlbenzofuran 

Di chlorobenzenes  (total) 

1 , 4-0 1  ch  lorobenzem 

1.1- Oichloroethene 

1.2- DichloPoethene 

1 . 2 - 0  i  ch  I  oropropane 
Oieldrin 

01  isopropyl  Wethylphosphonate 

1.3- Oiwethylbenzene 
Oiieethyldisulfide 
Oiwethyl  Methyl phosphonate 
Oiisethylphosphate 
Oioxins/Furarw  CEPA  TEFs) 
Oithiane 

Endrin 

Ethylbenzene 

HexBCh  I  orobenzene 

Hexach  I  orocyc  I  opentadi  one 

Isodrin 

Malathion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Nitrophenol 


Soil  Concentrations 
Resident's  Scenario 


:?3a — 


TOTAL 

DEPOSITION 

RATE 

O/KE/yr 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.» 
««/icg 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
ffO/Kg 


AVEIIAGE 
CALCULATED 
CONC  IN 
SOIL 
,1M 
RB/Kg 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
RB/Xg 


NA 

NA 

1.19E-13 

fi.23E-13 

NA 

NA 

1.26E-15 

B.72E-15 

2.80E-16 

2.01E-1T 

2.5aE-11 

1.79E-10 

NA 

NA 

4.95E-11 

3.43E-10 

1.25E-11 

8.65E-11 

1.19E-14 

8.23E-U 

NA 

NA 

NA 

NA 

2.38E-15 

1.65E-14 

HA 

HA 

NA 

HA 

1.44E-11 

9.94E-11 

1.88E-13 

1.30E-12 

HA 

HA 

4.59E-15 

6.&2E-16 

1.71E-U 

2.46E-1S 

2.09E*12 

2.rOE-12 

4.19E-16 

5.41E-16 

2.47E-12 

1.71E-11 

NA 

HA 

NA 

HA 

NA 

HA 

NA 

HA 

NA 

HA 

2.59E-16 

1.7VE-15 

4.54E-U 

1.31E-U 

4.95E-12 

3.43E-11 

NA 

HA 

1,08E-12 

5.16E-15 

2.97E-13 

2.05E-12 

7.59E*13 

1.29E-12 

4.54E-17 

3.14E-16 

2.51E-16 

3.59E-16 

NA 

HA 

B.45E-14 

7.30E-14 

2.34E-15 

1.62E-U 

6.63E*16 

4.596-15 

l.OlE-15 

7.00E-15 

2.87E-11 

1.996-10 

NA 

NA 

NA 

NA 

1.05E-14 

7.25E-U 

NA 

NA 

B.34E-13 

1.656-12 

HA 

NA 

B.84E-15 

1.746-14 

6.60E>16 

4.03E-17 

1.81E-10 

3.576-10 

NA 

NA 

3.48E-10 

6.856-10 

8.77E-11 

1.73E-10 

8.34E-14 

1.656-13 

NA 

NA 

HA 

NA 

1.67E-14 

3.29E-14 

NA 

HA 

NA 

NA 

1.01E-10 

1.99E-10 

1.32E>12 

2.60E-12 

NA 

HA 

1.74E-14 

1.32E-15 

6.46E-14 

4.926-15 

1.36E-11 

5.41E-12 

2.72E-15 

1.08E-15 

1.74E-T1 

3.42E-11 

HA 

HA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

1-81E-15 

3.58E-15 

2.29E-13 

2.62E-U 

3.48E-11 

6.856-11 

NA 

HA 

1.81E-13 

1. 036-14 

2.08E-12 

4.11E-12 

5.01E-12 

2.58E-12 

3.19E-16 

6.296-16 

1.64E-15 

7.196-16 

HA 

NA 

5.28E-13 

1.46E-13 

1.64E-U 

3.246-14 

4.65E-15 

9.17E-15 

7.10E-15 

1.406-14 

2.02E-10 

3.98E-10 

NA 

NA 

NA 

NA 

7.35E-14 

1.45E-13 

NA 

1.67E-12 

NA 

1.77E-14 

1.32E-15 

3.62E-10 

NA 

6.95E-10 
1.75E-10 
1. ATE -13 
NA 
NA 

3-34E-U 

NA 

NA 

2.02E-10 

2.64E-12 

NA 

3.47E-U 

1.29E-13 

2.72E-11 

5.44E-15 

3.47E-11 

HA 

HA 

HA 

HA 

HA 

3.63E-15 

4.58E-13 

6.95E-11 

HA 

3.61E-13 

4.17E-12 

l.OOE-11 

A.38E-16 

3.28E-15 

HA 

1.06E-12 

3.296-14 

9.30E-15 

1.42E-U 

4.03E-10 

HA 

NA 

1.47E-13 
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Table  8A-2 

(continued) 

afsr-*-  ^ 

S  ^  ^  y  i.  - 

•1  £  ^ 

$  %A 

AVERA6E 

MAXINUN 

AVERAGE 

mxipm 

TOTAL 

CALCULATED 

CALCUUTED 

CALCUUTED 

aLCUUTED 

OETOITSOi 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

8/M2/yr 

.2N 

.2N 

.1M 

.1« 

m/^B 

8Q/Ks 

mm 

mm 

PAWs 

Ac©?^pihtha  1  tfBg 

1.24E-11 

8.58E-11 

8.70E-11 

1.72E-10 

1.74E-10 

Ac©f^ph  t  h  0TO 

1.24E-11 

8.58E-11 

8.70E-11 

1.72E-10 

1.74E-10 

ScnsoC  a  )pyr@fi® 

2.47E-12 

3.01E-13 

a.50€-12 

6,03E-13 

1.70E-11 

Chpygtm 

2,47E-12 

3.78E-13 

9.64E-12 

7.55E-13 

1.93E-11 

&  1  a ,  h )  CTt  h  peeiim 

2.4rE-12 

4.1CE-1S 

1.01E-n 

8.20E-13 

2.01E-11 

Flyorantham 

7.Ui-12 

I.IIE-IE 

2.e6£-I1 

2.21E“12 

5.7^-11 

Fluopwro 

2.47E-12 

1.71E-11 

1.74E-11 

3.42E-11 

3.47E-11 

Ptj©n®ntlir®n@ 

4.95E-12 

5.24E-13 

1.58E-11 

1.0SE-12 

3.11E-11 

^ren« 

2.47E-12 

2.54E-13 

7.61E-12 

5.07E-13 

1.52S«-11 

Parathion 

1.40E-16 

9.66E-16 

9.80E-16 

1.93E-15 

1.9^-1S 

Pentach  i  op«tem©fte 

3.78E-14 

2.61E-13 

2.65E-13 

5,23£-13 

5.31E»13 

Ph©rtot 

I.IAE-IO 

^.asE-io 

9.41E-10 

1.86E-09 

1.88£«09 

Pyridifw 

NA 

NA 

NA 

HA 

NA 

©ulmsliTO 

5,92E-1S 

4.1(^-U 

4.15E-14 

3,19E-14 

8.31E-U 

Styren© 

NA 

NA 

NA 

NA 

NA 

SupGn>a 

4. 1^-16 

2.90E-15 

2.94E-1S 

5,8C^“15 

5.89E-15 

T  ©t  mch  1  opetem@n© 

1.59E-14 

lclOE-13 

1.12E-13 

2.21E-13 

2o24E"13 

Tetpaeh 

NA 

NA 

NA 

NA 

NA 

Toly©fi© 

NA 

NA 

NA 

NA 

NA 

T  r  i  di  i  or©i»nzert© 

a,40€-15 

5.81E-U 

5.89E»14 

1o18£«13 

1.18£»13 

Iricti  l©r©©th«fte 

NA 

NA 

NA 

NA 

NA 

Ur©a 

1.82E-10 

1.24E-09 

1.27E-09 

2.51E-09 

2-55E»09 

Vapona 

1,12E-1S 

7.74E-15 

7.85E-15 

1.55E-14 

lo571-14 

Vinyl  Chl©pfd© 

NA 

NA 

NA 

NA 

NA 

Kyl®TO 

NA 

NA 

NA 

HA 

NA 

mmomtCB 

Aiminm 

NA 

NA 

NA 

NA 

HA 

AA^^nla 

NA 

NA 

NA 

NA 

NA 

Antimsny 

1.15E«07 

7.98E-07 

8-1C^-07 

1.6^-W 

Anwnle 

6o53E»07 

4.S2E»06 

4.3a£-C^ 

9.O3E*06 

9.16E-06 

SariEj^ 

1.6CE-07 

1.12E-06 

2.21E-06 

2.24E-I^ 

S©ryUiim 

6,6^-m 

4«62E-^ 

4.69Eo^ 

9»24E»W 

9.371-08 

Sor®n 

NA 

NA 

NA 

NA 

NA 

Z®^\m 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Chr«iiii9  cn!5 

NA 

NA 

NA 

NA 

NA 

Chrcraiw  CVX) 

NA 

NA 

NA 

NA 

NA 

Cefealt 

NA 

NA 

NA 

NA 

NA 

6.12E-CI4 

4.24E-03 

4.30E-03 

8.47E-03 

8.S9E-e 

Cymnogm 

NA 

NA 

NA 

NA 

NA 

Hydr©s€P}  Cyenid® 

NA 

NA 

NA 

NA 

NA 

Iren 

NA 

NA 

NA 

NA 

NA 

LMd 

2,05E-07 

1.42E-06 

1,44E-(^ 

2.84E»06 

2.88E-W 

LithluB 

NA 

NA 

NA 

NA 

NA 

Magnesiun 

NA 

NA 

NA 

NA 

NA 
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Table  8A-2 
(continued) 


TOTAL 

DEPOSITKM 

RATE 

o/nz/yr 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.» 
ng/Kg 


MAXINUM 
CALCULATED 
COMC  IN 
SOIL 
.2M 
■g/tcg 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.IN 
«g/icg 


Manganese 

Mereury 

Molybdemsn 

Nickel 

Phosphate 

Potass  i  169 

SelenikM 

Silicon 

Si Ivcr 

Sodiun 

StrontiuB 

Thalliun 

Tin 

Titaniten 

Vanadiun 

Yittriwn 

Zinc 


NA 

NA 

1.8lE-0r 

1.25E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

1.676-03 

1.166-02 

NA 

HA 

1.74E-05 

1.206-04 

NA 

NA 

NA 

NA 

1.686-06 

1.17E-05 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

1.27E-06 

2.506-06 

NA 

NA 

HA 

HA 

NA 

HA 

NA 

HA 

1.186-02 

2.32E-02 

HA 

HA 

1.22E-04 

2.406-04 

NA 

NA 

NA 

NA 

1.186-05 

2.33E-05 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

I 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
■«/K0 


NA 

2.54E-06 

NA 

HA 

NA 

NA 

2-35E-02 

NA 

2.UE-04 

NA 

HA 

2.366-05 

NA 

HA 

HA 

NA 

NA 
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Table  8A-3 
Soil  Concenirations 
Fanner  Scenario 


§  I  -kA-  ^  S  H 
:<  5  'i  ^  5‘**  'i  ^ 


^g#  § 


^  4i 


4K 


TOTAl 

AVERACE 

CAIOJUTED 

imimm 

CALCULATED 

AVEM^ 

CALDJUTED 

HAXliWl 

CALCUUTEB 

COHC  IN 

COHC  IN 

COHC  IN 

O^C  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

8/M2/yr 

.2H 

.2M 

.IN 

.IN 

m/U 

ng/Ks 

ng/KS 

mm 

moAuits 

Ac@to?» 

MA 

HA 

HA 

HA 

MA 

Ac©ten1tpf i© 

r.05E-14 

4.8^-13 

4c95£«*1S 

9.75E-13 

9,a9E-13 

Acrylwiftri  le 

MA 

HA 

NA 

HA 

HA 

Aldrin 

7.47E-16 

5.17E-15 

5.24e»15  . 

1.03£»14 

1,051-14 

Atp®24m 

1.66E-1& 

1.19E-17 

3.92E-16 

2.3fE»17 

7,^E-16 

1.53E“11 

1.07E-10 

2.12E-10 

2,151-10 

ll@m©n© 

HA 

HA 

HA 

HA 

HA 

Simzofyrsn 

2,94E-1i 

2o03E-ie 

2.D6E<-10 

4„06Eo1O 

4.121-10 

Bmzoic  Acid 

7.41E-12 

5.13E-11 

5.20E-11 

1.D3E-10 

1.O4E-10 

Ssfucnltn’  1® 

7.05E-15 

4.88£»U 

4.95E-14 

9.75E-14 

9.89E-14 

iiplienyl 

HA 

HA 

HA 

NA 

HA 

SpeR^^thsf® 

HA 

HA 

NA 

HA 

HA 

C^1*bSSDl® 

1.41g-15 

9,75E-15 

9.89E-15 

lofSE-M 

1,981-14 

Cmrbm  T®tredil@p|<fe 

HA 

HA 

HA 

HA 

HA 

Chlopctemer® 

HA 

HA 

NA 

HA 

HA 

4‘»Chl@rcbiph©fTfyI 

8.52E-12 

5.89S-11 

5.9^»11 

1.18E-10 

1,201-10 

4 , 4  -  Di  1  ©r©fe  1  pahesiy  1 

1-12E-13 

7o72£-13 

7o83E-13 

1.54E-12 

1,571-12 

Chi ©refer© 

HA 

HA 

HA 

HA 

HA 

4  •  Ch  1  ®  pq3^er?y  1  iKthy  1 S45 1  f  6f® 

2o72E“1S 

3.92E-16 

1.03E-14 

7.84E-16 

2,^61-14 

4  «  Ch  1  ore^effy  1  is^thy  1  ©4J 1  f  ©35  i  ^ 

1,01E»14 

1.44E-15 

3.83E-14 

2.92E-15 

7,661-14 

p^p-DSE 

1 ,242  <>12 

1,60£-12 

fi.051-12 

3.21E-12 

1,61E-11 

p,p-0OT 

2.49i-16 

3.21E-16 

1.61E-15 

6.42E»14 

3,22£-15 

D4ten2©fur^^ 

1-47E»12 

1.01E-11 

1.03E-11 

2,031-11 

2.061-11 

0ichl®r©fe«i2fims  Ctot©U 

HA 

HA 

HA 

HA 

HA 

1 ,4-Diehl©r©Pim©m 

HA 

HA 

NA 

HA 

HA 

1 J  «0  4  ch  lenMttWKJ 

HA 

HA 

HA 

HA 

HA 

1  p2-D4ehl®?wttwt© 

HA 

HA 

NA 

HA 

HA 

1 ,2“04ehl@r®preps7i© 

HA 

HA 

NA 

HA 

m 

Di®ldrln 

1.53E-16 

1.06E-15 

1.08E-1S 

2.121-15 

2.15E-15 

04i!®«prepyl  Stettn^l^wi-phesrat® 

2,69E“14 

7.76£»15 

1.36E-13 

1.55E-14 

2.72S-13 

1 ,3-Dtethylten2<sne 

2.94S-12 

2.03Eo11 

2.06E-11 

4.1^-11 

4,1^-11 

piasthyldiaulf  Id© 

HA 

HA 

HA 

HA 

HA 

Otethyl  ®tethyl^©s^w®ie® 

6.4^-13 

3.0^-15 

t.07E“13 

6.121-15 

2.14E-13 

D  Imethylphospiiat® 

1.76E-13 

1o22E»12 

1.24E-12 

2.UE-12 

2,47E-12 

Oiwim/Furam  CEPA  TElFs) 

4.50€-»13 

7.64E-13 

2.97E«^12 

1. 531-12 

5.94E-12 

Cithl^te 

2.69£«17 

1.86E-16 

1»89E-16 

3.73E-16 

3.78E-16 

Endrin 

1.49E-16 

9.73E-16 

4.26E-16 

1.95E-15 

Ethyltenz©TO 

HA 

HA 

HA 

HA 

HA 

H©35®ch  lopctens©?^ 

5.01E“14 

4.33E-U 

3.13E-13 

8,661-14 

6.26e-13 

MeMch  1  ©recyc  1  ©psfutidl 

1,3^-15 

9.61E«*15 

9.75E-15 

1.92E-U 

1.9SE-14 

Iscdrln 

3.93E-16 

2.72E-15 

2.76E-15 

5.441-15 

5.52E-15 

Malathlon 

6.00E-16 

4,15E-15 

4.21E-15 

8.30E-15 

8.42E-15 

Hetharajl 

1.70E-11 

1.18f-10 

1.20E-10 

2.36E-10 

2.39E-10 

Nethyl  Chloride 

HA 

HA 

HA 

HA 

NA 

Methylerie  Chloride 

HA 

NA 

NA 

NA 

HA 

4-Ni  trcphenol 

6.21E“15 

4.30E-U 

4.36E-14 

8.59E-14 

8,721-14 
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Table  8A-3 

(continued) 


PAHS 

Acensphthalene 

Acenaphtherw 

Befuo(«)p/rene 

Chry»«ne 

D i benzoC • , h )8nth  rscene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 

Pentach  I  orobensene 
Phenol 

Pyridine  .  * 

Quinoline 

Styrene 

Supona 

Tetrach lorobenzene 
Tetrach loroethenc 
Toluene 

T  r  i  ch  I  orobenzene 

Trichloroethene 

Urea 

Vapona 

Vinyl  Chloride 
Xylene 

INOPQANICS 

AffVRonia 

Antiawny 

Arsenic 

Bariun 

Beryl  I  iw 

Boron 

Cadmitsn 

Calciun 

Chrm\m  (III) 

(B^romiwBB  (VI) 

Cobalt 

Copper 

Cyanogen 

Hydrogen  Cyanide 

Iron 

Lead 

Lithium 

Hagnesiun 


TOTAL 

AVERAGE 

CALCULATED 

MAXIMUM 

CALCULATED 

AVERAK 

CALCULATED 

DEPOSITION 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

0/N2/yP 

.2M 

.2M 

•  IN 

ng/Ks 

mg/Xg 

■e/KB 

7.35E-12 

5.08E-11 

5.16E-11 

1.02E-10 

7.35E-12 

5.08E-11 

5.16E-11 

1.02E-10 

1.47E-12 

1.79E-13 

5.04E-12 

3.5a£-13 

1.47E-12 

2.24E-13 

5.72E-12 

4.48E-13 

1.47E-12 

2.43E-13 

5.96E-12 

4.86E-13 

4.41E-12 

6.56E-13 

1.70E-11 

1.31E-12 

1.47E-12 

1.01E-11 

1.03E-11 

2.038-11 

2.94E-12 

3.10E-13 

9.22E-12 

6.21E-13 

1.47E-12 

1.50E-13 

4.51E-12 

3.01E-13 

C.ESE-U 

5.73E-16 

5.81E-16 

1.15E-15 

2.24E-14 

1.55E-13 

1.57E-13 

3.10E-13 

7.95E-11 

5.50E-10 

5.58E-10 

1.10E-09 

NA 

NA 

HA 

NA 

3.51E-15 

2.43E-14 

2.46E-14 

4.86E-14 

NA 

NA 

NA 

NA 

2.49E-16 

1.72E-15 

1.75E-15 

3.44E-15 

9.45E-15 

6.34E-T4 

6.63E-U 

1.31E-13 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

4.9SE-15 

3.44E-U 

3.49E-U 

6.89E-14 

NA 

NA 

NA 

NA 

1.08E-10 

7.45E-10 

7.56E-10 

1.49E-09 

6.63E-16 

4.59E-15 

4.65E-15 

9.17E-15 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

6.B4E-08 

4.73E-07 

4.80E-07 

9.46E-07 

3.B7E-07 

2.68E-06 

2.72E-06 

5.35E-06 

9.4aE-08 

6.56E-07 

6.65E-07 

1.31E-06 

3.96E-09 

2.74E-08 

2.78E-08 

5.48E-03 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

3.63E-04 

2.51E-03 

2.55E-03 

5.02E-03 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

1.21E-07 

E.40E-07 

8.53E-07 

1.68E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.IN 
pg/Kg 


1.03E-10 

1.03E-10 

1.01E-11 

1.14E-11 

1.19E-11 

3.39E-11 

2.06E-11 

1.84E-11 

9.02E-12 

1.16E-15 

3.15E-13 

1.12E-09 

NA 

4.93E-U 

NA 

3.49E-15 

1.33E-13 

NA 

NA 

6.99E-14 

NA 

1.51E-09 

9.31E-15 

NA 

NA 


NA 

NA 

9.60E-07 

5,43E-06 

1.33E-06 

5.56E-08 

NA 

NA 

NA 

NA 

NA 

NA 

5.09E-03 

NA 

NA 

NA 

1.71E-06 

NA 

NA 
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Table  8A>3 
(continued) 


AVERAIS 

MAX!^ 

AVERAGE 

pmtmm 

TOTAL 

CALOJUTED 

CALCULATED 

CALOJUTED 

CALOJUTED 

DEPOSITIC^ 

CONC  IN 

CONC  IN 

CONC  SN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

.aN 

.2N 

.IN 

.IN 

m/^ 

««/K@ 

ag/iCf 

aS/iC@ 

NA 

NA 

NA 

NA 

NA 

P^crcury 

1.07E-07 

7.41E-07 

7.5S«07 

1.4^-% 

1 .50E-06 

Wolytdtmffl 

UA 

NA 

NA 

HA 

NA 

Itictel 

UA 

NA 

NA 

NA 

NA 

^©spliiat© 

MA 

NA 

NA 

NA 

NA 

^otasiiya 

HA 

NA 

NA 

NA 

NA 

Saloniua 

9.93i-D4 

6.87E-CB 

6.97E-03 

1.S7E-02 

1.39E-CI2 

SUieefi 

NA 

NA 

NA 

NA 

NA 

Si  imr 

1,03E-D5 

7.12E-0S 

7.2ZE-m 

1.4S-04 

1,44E-IH 

Sodiui 

NA 

NA 

NA 

NA 

NA 

Strmtiya 

NA 

NA 

NA 

NA 

NA 

Th©Uiy» 

9. 9^-07 

6.91E-C^ 

7.01E-C6 

1.3a£-05 

1.4Oi»05 

Tin 

NA 

NA 

NA 

NA 

NA 

Titaniua 

NA 

NA 

NA 

NA 

NA 

Vansdiwp 

NA 

NA 

NA 

NA 

NA 

Yittriya 

NA 

NA 

NA 

NA 

NA 

Zinc 

NA 

NA 

NA 

NA 

NA 
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Table  8A<4 


SoU  Concentrations 
Worker  Scenario 


TOTAL 

DEPOSITION 

RATE 

0/M2/yr 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
fng/Kg 


MAXIHUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/Xg 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.1M 
«g/Xg 


ORGANICS 
Acetone 
Acetonitri le 
Acrylonitri le 
Aldrin 
Atrezine 
Benzaldehy^ 

Benzene 
Benzofupan 
Benzoic  Acid 
Benzoni tri le 
Biphenyl 
Brofinme  thane 
Cerbozole 

Carbon  Tetrachloride 

Chlorobenzene 

4-Chlorobiphenyl 

4,4-Chlorotoiphenyl 

Chlorofopw 

4  -  Ch  I  oropherry  I  we  t  hy  I  au  I  f  one 

4-Chlorophenyl(aethyUulfoxide 

p,p-DDE 

p,p-00T 

Dibenzofuran 

Di chlorobenzenes  (total) 

1 , 4  -  D  i  ch  I  orobenzene 
l,1*Diehloroethene 

1.2- Dichleroethene 

1 .2- Dichloropr^»ne 
Dieldrin 

Di  isopropyl  Methyl phospbonate 

1 .3- Di»ethylbenzcne 
Diwethyldi sulfide 
DiBiethyl  Methylphesphonate 
DiWthylphosphate 
Dioxins/Furans  (EPA  TEFs) 

Di thiane 

Endrin 

Ethylbenzene 

Hexach I orobenzene 

Nexach  I  orocyc  I  opentad  i  ene 

Isodrin 

Malathion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Nitrophenol 


NA 

NA 

1.086-13 

7.466-13 

NA 

NA 

1.14E-15 

7.91E-15 

2.54E-16 

1.83E-17 

2.34E-11 

1.62E-10 

NA 

NA 

4.496-11 

3.11E-10 

1.13E-11 

7.84E-11 

1.08E-14 

7.466-14 

NA 

NA 

NA 

NA 

2.166-15 

1.496-14 

NA 

NA 

NA 

NA 

1.30E-11 

9.02E-11 

1.71E-13 

1.186-12 

NA 

NA 

4.176-15 

6.00E-16 

1.55E-14 

2.236-15 

1.90E-12 

2.45E-12 

3.81E-16 

4.916-16 

2.24E-12 

1.55E-11 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.35E-16 

1.62E-15 

4.12E-14 

1.196-14 

4.49E-12 

3.11E-11 

NA 

NA 

9.82E-13 

4.686-15 

2.696-13 

1.866-12 

6.896-13 

1.17E-12 

4.12E-17 

2.85E-16 

2.28E-16 

3.266-16 

NA 

NA 

7.67E-14 

6.626-14 

2.13E-15 

1.47E-14 

6.01E-16 

4.166-15 

9.186-16 

6.35E-15 

2.61E-11 

1.80E-10 

NA 

NA 

NA 

NA 

9.50E-15 

6.57E-14 

NA 

NA 

7.57E-13 

1.49E-12 

NA 

HA 

8.026-15 

1.586-14 

5.996-16 

3.656-17 

1.64E-10 

3.24E-10 

NA 

HA 

3.15E-10 

6.22E-10 

7.966-11 

1.576-10 

7.57E-14 

1.49E-13 

NA 

NA 

NA 

NA 

1.51E-14 

2.986*14 

NA 

NA 

NA 

NA 

9.15E-11 

1.806-10 

1.206-12 

2.366-12 

NA 

NA 

1.57E-14 

1.206-15 

5.866-14 

4.47E-15 

1.23E-11 

4.906-12 

2.47E-15 

9.82E-16 

1.586-11 

3.116-11 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

1.65E-15 

3.24E-15 

2.086-13 

2.37E-14 

3.15E-11 

6.226-11 

NA 

NA 

1. 646-13 

9.366*15 

1.89E-12 

3.736-12 

4.55E-12 

2.346-12 

2.896-16 

5.706-16 

1.496-15 

6.526-16 

NA 

NA 

4.796*13 

1.326-13 

1.496-14 

2.946-14 

4.22E-15 

8.326-15 

6.44E-15 

1.276-14 

1. 836-10 

3.616-10 

NA 

NA 

NA 

NA 

6.676*14 

1.316*13 

MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
,1M 
wg/Xg 


NA 

1.51E-12 

NA 

1.60E-U 

1,20E-15 

3,29E-10 

NA 

6.31E-10 

1.59E-10 

U51E-13 

NA 

NA 

3.03E-14 

NA 

NA 

1.83E-10 

2.40E-12 

NA 

3-15E-14 

1.17E-13 

2.46E-11 

4.93E-15 

3.15E-11 

NA 

NA 

NA 

NA 

NA 

3.29E-15 

4.16E-13 

6.31E-11 

NA 

3.28E-13 
3.78E-12 
9.096*12 
5. 796*16 
2.98E-15 
NA 

9.57E-13 

2.986-14 

8.44E-15 

1.296*14 

3.666*10 

NA 

NA 

1.33E-13 
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Table  8A-4 
(continued) 


PAHs 

AC'Wiaph  thu  I  @f» 

Ac®n®phth©fie 

®en^oc®)py^^^ 

OlTim©f^ 

D  i  teruo<  a  j  h  )  enth  rse'if^ 
Flu©r»nth®ft© 

Flyor©ne 
^  t  h  r©TO 
^r®n8 
Parathion 

l^entach  lorebemero 

^@nol 

■pyridife 

Quinsliins 

Styrm^ 

Supona 

T  et  rach  I  of 

T © t rach I © r©$  t h©r^ 

Toli^ro 

?  r  1  cti  I  ©r©b®n2©ns 

Triehloroethems 

Urea 

Vffl^|3iorMp 

Vinyl  Chloride 
Sylem 

lilOtGWIICS 

Aii^imsi 

Ajswiia 

Antl©^ 

Amenis 

iariy© 

itryUiiji 

Seren 

CadaiiA 

Caleiym 

ChrOTiis  ClII) 

ChrOTiy®  (VI) 

C^lt 

Cei^r 

Cyarj©9€fj 

Hydr©0©n  Cyanide 

Iron 

Lead 

li  thiui^ 

f“l®gneaium 


AVERA^ 

MAXINLM 

A^RACE 

HAXIPUM 

TOTAL 

CALCULATE® 

CALCULATED 

CALCUUTED 

CALCULATED 

jEwirra 

CONC  IN 

cmc  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

B/nZ/yr 

•  2M 

.2N 

.IN 

.1M 

cng/^S 

ng/Ks 

lag/ICg 

®g/Kg 

1.12E-11 

7.78E-11 

7.89E-11 

1.54E-10 

i.5a-io 

1.12E-11 

7.78E-11 

7.8^-11 

1.54E-10 

l.SBE-IO 

2.24E-12 

2.74E-13 

7.71E-12 

5.47E-13 

1.54E-11 

2.24E-12 

3.43E-13 

8,75E-12 

6.85E-13 

1.75E-11 

2.24i-12 

3.72E-13 

9.12E-12 

7.44E-13 

1.82E-11 

6.75E-12 

1.00E-12 

2.59E-11 

2.01E-12 

5.19E-11 

2.24E-12 

1.55E-11 

1.58E-11 

3.11E-11 

3.15E-11 

4.49E-12 

4,75E-13 

1.41E-11 

9.50E-13 

2,82E»11 

2.24E-12 

2,30£-13 

6.91E-12 

4.60E-13 

1.3aE-11 

1,27E-16 

8,76E“16 

8.89E»16 

1.75E-15 

1.78E-15 

3.43E-14 

2.37E-13 

2.41E-13 

4.74E-13 

4,81E-13 

1.22E-10 

8.41E-10 

8,54E-10 

1.68E-09 

1.71E-09 

Uk 

NA 

NA 

NA 

NA 

5„37E-15 

3.71E-14 

3.77E-14 

7,43E-14 

7.1I4I-14 

MA 

NA 

NA 

NA 

NA 

3.81E«>16 

2.63E-15 

2.67E-15 

5,26E-15 

5.34E-1S 

1.45E-U 

1,00£-13 

1.01E-13 

2.0<^-13 

2.03E-13 

RA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7.62£»15 

5.27E-14 

5o35£-14 

1o05E“13 

1.07E-13 

m 

NA 

NA 

NA 

NA 

1.65E-10 

1.14E-09 

1.16E-09 

2.28E-09 

231E-09 

1.01S-15 

7.02E-15 

7.12E-15 

1.40E-14 

1.42E-14 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1,O5E"07 

7.24E-07 

7.34E-07 

1-45E-e6 

1.47i-W 

5.92E-07 

4.10E-a6 

4.18E-06 

8.19E-06 

8,31E-06 

1.45E-07 

1.00E»06 

1-02E-06 

2-01E-06 

2«04£‘*06 

4,TO-08 

4.2SE-08 

8olO€-W 

m 

NA 

NA 

NA 

NA 

m 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

5.5SE-C^ 

3,84E-03 

3.90E-Q3 

7.68E-03 

7.79E-03 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.86E-07 

1.29E-06 

1.30E-C^ 

2.57E-C^ 

2.61E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
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Table  8A-4 
(continued) 


TOTAL 

DEPOSITION 

NATE 

g/M2/yr 


'  AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2N 
nO/Kfl 


MAXIMUM 
CALCUUTED 
CONC  IN 
SOIL 
.2M 
■I0/X9 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
■  IM 
ns/Kg 


Hftngarwse 

Mercury 

Molybdemfin 

Nickel 

PhoepMate 

Potass iuB 

Selenikin 

Si licon 

Silver 

Sodiun 

Strontiwsn 

ThalliuB 

Tin 

TitaniuB 

Vanadiut 

Yittrium 

Zinc 


NA 

NA 

1.64E-07 

1.13E-06 

NA 

NA 

NA 

NA 

HA 

NA 

HA 

NA 

1.52E-03 

1.05E-02 

NA 

NA 

1.57E-05 

1.09E-04 

NA 

NA 

NA 

NA 

1.53E-06 

1.06E-05 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.15E-06 

2.27E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.07E-02 

2.10E-02 

HA 

NA 

1.10E-04 

2.18E-04 

NA 

NA 

HA 

NA 

1.07E-05 

2.11E-05 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

HA 

HA 

f 


MAXIMUM 
CALCUUTED 
CONC  IN 
SOIL 
.1M 
wg/Kg 


NA 

2.30E-06 

NA 

NA 

NA 

NA 

2.13E-02 

NA 

2.21E-(K 

NA 

NA 

2.15B-05 

NA 

NA 

HA 

HA 

HA 
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APPENDIX  8B 

METHODOLOGY  FOR  CALCULATING  POLLUTANT 
CONCENTRATIONS  IN  VEGETABLES 


APPENDIX  8B 


METHODOLOGY  FOR  CALCULATING  POLLUTANT 
CONCENTRATIONS  IN  VEGETABLES 

This  appendix  presents  a  detailed  discussion  of  the  methods  used  to  determine  the  pollutant 
concentrations  in  vegetables  that  are  considered  in  the  vegetable  consumption  exposure 
route.  Three  vegetables  (carrots,  lettuce,  and  tomatoes)  were  seleaed  to  represent  the 
vegetables  that  may  be  grown  in  a  household  garden  in  the  area  surrounding  the  Rocky 

Mountain  Arsenal. 


8B.1  CARROTS 

8B.1.1  General  Approach 

The  pollutant  concentration  (CJ  inifif  ts  nswlting  from  uptake  from  the  soU  is  expressed 
by  the  following  equation: 

C„  (mg/kg)  =  PoUlilant  concentration  in  soil  (mg/kg)  x  RUF 
Where: 

RUF  =  Root  uptake  factor  (unitless) 


*  The  soil  concentrations  used  in  the  calculations  are  presented  in  Tables  8A-1,  8A-2,  and 
8A-3  for  the  Resident-A,  Resident-B,  and  Farmer  scenarios,  respectively.  The  derivation 
of  the  root  uptake  faaors  is  described  in  tht  following  subsection. 
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Root  uptake  factors  (RUFs)  were  derived  based  on  the  work  by  Briggs  et  al.  (1982).  Briggs 
et  al.  (1982)  studied  the  uptake  of  organic  chemicals  from  solution  by  barley  shoots  and 
established  the  following  relationship  between  the  root  concentration  faaor  (RCF)  and  the 
(oaanol/water  partition  coefficient)  for  the  organics  tested: 

log  (RCF  -  0.82)  =  0.77  log  -  1.52 

Where: 

RCF  ■■■. 

Croat  =  Pollutant  concentratiohm®if^p  (mg/kg). 

Cgoiutioc  =  Pollutant  concentiaSip  in'^if|ter  (mg/L). 

Given  the  following  reiation^lPii^t^^  pollutant  distributions  in  soil  and  water  phases: 


—  =  (K..)(a'' 

c 

Where: 

Csoij  “  Pollutant  concentration  in  soil  (mg/kg). 

C^uuoa  *  Pollutant  concentration  in  water  (mg/L). 

=  Organic  carbon  partition  coefficient, 
foj  =  Fraction  of  organic  carbon  in  the  soil,  1.42  percent  (Price,  1990). 
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Tlie  RUF  for  each  cnmpnund  could  be  determined  from  the  RCF  as  shown  in  the  following 
equation: 


RCF 


^lOOt/^ 


solutioo 


RUF  =  - 

(KocXU 


soluticw 


c 


root 


-'soil 


RCFs  and  RUFs  were  calculated  for  the  pollutants  of  concern  using  and  K^eS  from 
EPA  (1986)  and  a  soil  organic  carbon  content  (foe)  of  1.42  percent  (Price,  1990).  Log 
and  Koe  values  used  in  the  calculation  of  RUFs  are  presented  in  Table  8B-1.  Koc  data  were 
not  available  for  several  chemicals.  In  these  instancesiihe  values  were  calculated  based  on 
the  log  Ko^  If  the  chemical  was  an  aromatic  with  a:fog  ^  between  2  to  6.6,  the  following 
equation  was  used: 

log  Koe  *  0.937  log  -  0.006  (L>||||jt  al.;^^l^) 

For  aromatics  with  a  log  falli|pitoi<i||e  given  range,  as  well  as  aU  other  organic 
substances,  the  following  equati^pwpiiiiiilp 

log  K«  =  0.544  log  iJfc  (Lyman  et  al.,  1982). 

Inorganics 

The  RUFs  used  for  the  inorganic  compounds  were  based  on  transfer  coefficients  developed 
by  Baes  et  al.  (1984)  for  tubers.  Tubers  are  similar  to  carrots  in  that  most  tubers  grow 
*  underground  and  serve  as  food  storage  organs.  The  transfer  coefficients,  which  are 
expressed  as  dry  weight  plant  concentrations  divided  by  dry  weight  sod  concentrations,  were 
convened  to  wet  weight  by  assuming  a  water  content  for  carrots  of  88  percent  (Baes  et  al., 

1984). 

RUFs  used  to  determine  inorganic  uptake  by  carrots  can  be  found  in  Tables  8B-2  through 
8B-7.  It  should  be  noted  that,  although  the  chemical  composition  of  a  plant  reflects  its 

8B-3 
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(a)  Calculated  using  log  =  0.937  log  K^-0.006  (Lyman  et  al.,  1982). 

(b)  Calculated  using  log  =  0.544  log  1.377  (Lyman  et  al.,  1982). 

(c)  NTA  =  Not  available 


Table  8B-1 
(continued) 


8B-5 


(a)  Calculated  using  log  =  0.937  log  Ko„-0.006  (Lyman  et  al.,  1982). 

(b)  Calculated  using  log  =  0.544  log  1.377  (Lyman  et  al.,  1982). 

(c)  NTA  =  Not  available 


Organic  Compounds _ Log  _ Source _  Source 

Chrysene _ S.79E^00  EPA,  1989  [  2.00E  +  05  EPA,  1986 
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(a)  Calculated  using  log  =  0.937  log  K,^-0.006  (Lyman  et  a!.,  1982). 

(b)  Calculated  using  log  =  0.544  log  1.377  (Lyman  et  al.,  1982). 

(c)  NTA  =  Not  available 
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growth  medium,  the  rate  of  metals  uptake  by  plants  is  highly  variable  and  is  influenced  by 
many  factors.  These  factors  include  parameters  specific  to  the  plant  (species,  age)  and  to 
the  properties  of  the  soil  (pH,  organic  content,  cation  exchange  capacity,  concentration  of 
other  inorganics,  temperature,  aeration).  Thus,  in  the  absence  of  specific  information 
regarding  garden  soil  characteristics  in  the  RMA  area,  the  calculated  RUFs  should  be 
viewed  as  best  approximations. 


Average  concentrations  of  pollutants  in  carrots  and  average  daily  intakes  are  summarized 
for  the  adult  and  child  for  the  Resident- A,  Resident-B,  and  Farmer  scenarios  in  Tables  8B- 
2,  8B-3,  and  8B-4,  respectively.  The  maximum  pollutjpt  concentration  in  carrots  and  the 
maximum  daily  intakes  are  summarized  in  Tables  JS|p-Sj  8B-6,  and  8B-7. 


*  DR  =  Pollutant  dry  deposition  rate  (mg/m^s).  This  includes  only  dry 

deposition.  Pollutants  falling  on  plant  surfaces  from  wet  deposition 
are  washed  off  the  plant  and  incorporated  into  the  soil. 

VSDF  =  Vegetable  surface  deposition  factor  (m^s/kg). 
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In  calculating  the  average  pollutant  concentration  from  surface  deposition,  exposure 
duration  was  adjusted  using  a  factor  of  2/70.  This  factor  is  based  on  the  assumption  that 
pollutant  deposition  resulting  from  the  2  years  of  facility  operation  is  averaged  over  a  70- 
year  lifetime. 

The  VSDF  is  calculated  according  to  the  following  equation  (Holton  et  al.,  1984); 


VSDF  = 


Yk 


Where: 


r  =  Interception  fraction  of  the  planti.:(uiisHiess)  (Baes  et  al.,  1984). 
k  =  Total  rate  constant  for  degradation  process  (s’^)  (Baes  et  al.,  1984). 
t  =  Growing  time(s)  (Ells,  199(>)+. 

Y  =  Plant  yield  (wet  weig||itf|kg/ia?)  (Ennis,  1990). 


The  interception  fraction  refeis.;?!©  that  fraction  of  the  airborne  material  falling  on  a  given 
growing  area  that  is  depo^^d  uptm  (intercepted  by)  edible  portions  of  the  plant.  The 
interception  fractions  used  for'rl&ttme  (0.15)  and  tomatoes  (0.068)  are  those  computed  by 
Baes  et  al.  (1984)  based  on  a  theoretical  model  accounting  for  growth  characteristics  of  the 
plants  during  their  maturation  in  the  field. 


A  number  of  degradation  processes  can  affect  the  final  concentrations  of  pollutants 
deposited  on  plant  surfaces.  These  include  weathering  (mainly  washoff  by  precipitation), 
volatilization,  and  photolysis.  This  analysis  considered  only  weathering  as  a  potential 
mechanism  for  loss  of  surface-deposited  contamination.  It  was  assumed  that  pollutants 
would  remain  sorbed  to  ash  particles;  therefore,  only  negligible  amounts  would  undergo 
either  volatilization  or  photolysis.  Thus,  the  total  rate  constant  for  degradation  processes 
(k)  would  be  equal  to  the  weathering  loss  removal  constant  (k,^).  The  weathering  removal 
loss  constant  was  calculated  as  follows  (Baes  et  al.,  1984): 
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In2 

k.  =  -  =  5.78  X  10*’  s*^ 

half-Ufe 


A  half-life  of  14  days  (1.2  x  10^  seconds),  the  value  used  by  the  U.S.  Nuclear  Regulatory 
Commission  for  particles  (NCRP,  -1984),  was  considered  to  be  average  for  ash-bound 
pollutants.  To  be  conservative,  it  was  assumed  in  this  assessment  that  no  attenuation  of 
surface  contamination  (e.g.,  by  washing)  takes  place  between  the  time  the  vegetables  are 
harvested  and  eaten.  The  amoimt  of  a  pollutant  that  can  be  removed  by  washing  is  highly 
variable,  depending  partially  on  the  extent  the  pollutant  is  sorbed  to,  or  can  penetrate,  the 
leaf  (e.g.,  only  about  10  percent  of  benzo(a)  pyrene  deposited  on  tomatoes  and  lettuce  can 
be  removed  by  cold  water  washing)  (EPA,  1980)^^'" 


Growing  times  for  vegetables  in  the  area  suiTdunding  RMA  were  estimated  to  be 
approximately  45  days  (3.89E+06  secondlpteitopi^f^  from  fruit  set  until  harvest  and  65 
days  (5.62E-(-06  seconds)  for  lettuce  iipm  initial  led  formation  to  harvest  time  (Ells,  1990). 
Average  crop  yields  for  the  RMAfpea  to  be  approximately  1.34  kg/m^  and 

1.58  kg/m^  for  tomatoes  and  l||tui^^spedively  (Ennis,  1990). 


The  concentrations  of  pollutii|B,in  iji^ce  resulting  from  surface  deposition  are  summarized 
in  Tables  8B-8  through  83-13  ®  the  three  exposure  scenarios.  The  concentrations  of 
pollutants  in  tomatoes  resulting  from  surface  deposition  are  summarized  in  Tables  8B-14 
through  8B-19  for  the  three  exposure  scenarios. 


m22  Plant  Uptake  of  Pollutants  bv  Tomatoes  and  Lettuce 

The  accumulation  of  pollutants  in  edible  parts  of  plants  as  a  result  of  uptake  from  the  soil 
is  dependent  on  two  processes:  root  absorption  and  translocation  to  the  edible  portion. 


534CA8BS1 


8B-21 


12/31/90 


s 

es 

cT 

o 


es 

3 

< 


oe 

S! 


0© 


es  ^ 

h  es 


c 

a; 

u 

s 

o 

U 

c 

cs 


o 

&, 

0) 

&£) 

eQ 

u 

> 


Q 

€9 


€8 

a 


3 

-S 

< 


g  >.  t?^SjS2SS£St£SSS?:StR!S£:S£®;;;R!S?^?^S:££  ££:S  SS  £«££«£££ 

Ui  B 

o  ^  «->  «NJ  fv  «- 9- «-«- r>4  9- ^  r>j  ^  V- r\j  v»  rv  «*«->«>«- V- fNj  rsj «-»  rsj  sNj  ^  e- «»  «-«-«-.*»«»  v  ^  ^  ^  ^L.  5- S- 

ujui  js  ■••iiiitittiiiiitiiiiititiitt  it)iii(iii««>i 

li;UjlUUJkUUJUJyjUJIUMUJUU^UJUJkUUjUJUJUJIUUJUJUJU.IUJIiU(U  iUUJUJUUJUJUiUJUJUJUJIUJlXi 

isi^^s  C555S53gS§2iS::§K:;^Si55iR5555^3(H^S 

4K  lO  ™  ® 

uj  m 

tu  IE  1  I  I  I  I  .  I  . T T T  T T T T T T T T  T T  T T TTT  T TT T T T T T 

UQ^©  UJIAJI4;iiUWUJUJ4UU.tUJI>UUJUIUJUJUJU.;UJUJUJUJUJUJUIUUjykJUJI&J  UJUJUJUiUiUJUJUJUJyuUJUJUi 

a  u  < t/j '«y  »A  o  sr  ^  *Nj o*^  <Nj  oj  ^  O  **^  in  o  in  ^  tn  »*^ '«©  bn  o  fcn  «- ra  w  w  Ki  o*  ©»  ^  pn  m ®  o^ 

gg  y®  SKaKSSSgggSKiSjiiKSJ-^eSSSKJifSigSg  gSSiSS^fiiSSSgSK 

^  sl  S  ™  ®  ®  fM  ^0  O' fM  ©^  «- fvj  fy  rj  «-■  ft!  «J-^  ^  1J»^  Ipn  ftA  lA  ^  ^  1F^  m  ffM  «-^ 

ui  ££££^£^®  ®  ££^  £££^^  ®  ®  pN*  ®  ^  o  4ft  Pft  m  feft  ^  4ft  ©  ®  ©  ©  ift 

u  " 

^  fSSSS^fSSSee^SSSeSo  SfSSSSSfS  SSSSSSSSSSSoo 

ftE  isKSggSggJfiSSiigSSSSg  gajijiigggsit!  gsasgsgsKggss 

OO^o^'Olft®«idr^©«p»^NP^O©G^^N><i4r  ^O?Oiftf<ft®0®Pft©»f\iftjl^Xj 

o> 

%/°i  p'*  e  e  v»  ^  ^  tft  ©  Bft  (M  ®  «»  ift  4ft  «»>  4ft  «M  pft  ©  tft  £ft  o  «ie  fft  lift  pft  jft  (!*»  pft  pft  ®  pft  ©  ^^ 

wSaE  _  TTTT77TTT7TTTTTTTTTTTTTTTT7TT  7  7777  7  777  7  77  7 
^■=”-._5  SSgKKggggSggft!SgggK»S«J!i»ii8!SafilgBS!  SSSgSggigSjggJSSiS 

3" 

o%n«icsc  . . . . . .  •<«*>o«.*.i.. 

g  «K  ^  •««  <«e  <?->  O' 9- ©  aft  ©  v»  ©  ft.  c- ^  <P- ftj  c»  o»  pft  ©  ftj  m  V- ri  ^  @»  O' O' ey  ©•  a®*  O^  4ft  «- me  «%» 

w 

o 

•8  £ 

Si  i  * 

ii!!  }||ii  tl  til  i 

.  .  £l  -  -sit  I  I 

®  j?*o®£*^cc  c  -rt'S®  o^x:a@x  u  J 

—  "P  —  <—  Q.®  4i4i  O  ®o  C  ^4-»^|Jw*rfmdC  O 

—  5kCU—  —  O-CX  *-  XX  ZX3  O©  S  XXfflCOCC^  <- 

fc.  X04CU4»XL.  &tik  t-to  c  X  ^ 

^  ♦rfw^OOO  «*.CO<y  —  —  >..0  00  o— «3O«bCl.j-®£0«-  c 

•—  ^ciSSW^OU—  i-4-4U>-0«-t.ixX«C.— — 'C-^olr  ccwxfooes^-^  ^ 
cc  —  —  '^•-c  woxo  oooNu  a—  xxCecxx  —  xcw  ©®c:uiss2©t-^u  —  — 
C***M  m  o  o  o  *00  c^  o  y  u  ^  qo-*  u  o  >.4mio  o  o 

irt*-y«wwwMX^  ‘XX<‘V—  ••  >  i&xxt««'o«x— *«««SEBU©4i.to.a.affl*^2c 
oo"D<-  cc  cci-U'^uuQ.  ax  o  —  fftiio*-"gj<«o— «ax  ucS  — 

Q.  o©^ooo©ujxx<-«s£Z'>jra.  ^£1^0.0 

s 

s 


0  p-  2  2 


>51  np- 


m 


VS 


^  O  O  AJ  O 

A4  r>J  Ai  •“  AJ 

IAAIfA*#g#AAJgOAI 

m  iu  iLi  uj 

S8!£::Rf 

!!»Sinr>r>ieiMioN»< 

lA  tA  fA 

•  :‘v^ 

^0^0  AJO^ 

Al  «-  Al  «-  «-> 

AlAfAJ^gAlAJgOAl 

AJ  AJ  ^ 

U  lU  UJ  w  U  Ul  w 

sgsifcicecsiK 

«}«-^cl  ao«^ 

K.  (A  ^  g  ^ 

ssssssssss 

1^  u  yj  m 
lO  S  ^  Kl  S 
lA  AJ  N  O^  'd 

lissssssiss 

«0  «-  »  00  ^ 

^.^^«AO«-<«OAJ(^ 

rw  ^  I©  fsj  N. 

SSSSSSSSeS 

hU  UU 

Al  »A  iA  •-  Ai 

Aj  «r  ^  o^ 

^-^r-JlAAJOlAW^C^ 

A1  flO  <•«  O'  lA 

^IA«PAK»»-^®^« 

g4A 

gss^ssssss 

n  1  ^  yy  ^  ^ 

:^Riis;i 

iaSQ^So^ooSZ 

«  lA  «>  <->* 

lA'ObA^lAAiPA*-^^ 

*3 

a 

.E 

AlfA  lA  Al  ^ 

O  O  O  O  O 

ssssssssss 

c 

O  ^(A  O  O 

00lA00AJftA<^00 

o 

lAtA^w-W 

•^aJa^iaa^ai^^aiaj 

lA  ^  «r  O  ^ 

A..iAK.efAA»A>»AtA^ 

oooooooooe 

tu  tu  UJ  IW 

«-  »A  AJ  5  *A 

O  «  O  «  9A 

UJ  W  UJ  |U  U  (&J  lU  lAi  U  lU 

ajRia05A2:!<2:23? 

tf^^<i0A4Off>«OfAO 

96  m  torn 

SeSSSSSSSe 

si»£«  ii^Kggpjjj 

<4r  «>4 lA (M  (x ^ ^ 'O ^ 


I 


X 

< 


?. 

vn 


8B-23 


12/31/90 


Average  Pollutant  Concentration  In  Lettuce,  and 
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06/lt/ZI  HtlHVJHS 


Maximum  Pollutant  Concentration  In  Tomatoes,  and 
Adult  and  Child  Dally  intake  at  the  Resident-A  Location 
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12/31/90 


Maximum  Poiliilant  Concentration  in  Tomatoes,  and 
Adult  and  Child  Daily  Intake  at  the  Resident-B  Location 
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The  calculated  PUFs  for  the  pollutants  of  concern  are  presented  in  Tables  8B-8  through  8B- 
13  (lettuce)  and  Tables  8B-14  through  8B-19  (tomatoes). 


Inoneanics 

The  potential  for  the  translocation  of  inorganics  from  roots  to  the  aerial  parts  of  the  plants 
is  influenced  by  numerous  factors.  These  include  the  presence  of  chelating  ligands 
(carriers),  pH,  oxidation-reduction  state,  competing  cations,  hydrolysis,  polymerization,  and 
the  formation  of  insoluble  salts  (Kabata-Pendias  and  Pendias,  1985).  However,  a  general 
distinction  can  be  made  between  those  inorganics  that  are  easily  translocated  and  those  that 
tend  to  remain  in  the  roots. 


The  uptake  faaors  used  for  the  inorganic  cd&piiiiiis  in  tomatoes  are  based  on  transfer 
coefficients  developed  by  Baes  et  al.  (1934)  ^ri|feyit.  Tomatoes,  although  commonly 
referred  to  as  vegetables,  are  actually  fruillflijeii^^ke  factors  used  for  inorganics  in  lettuce 
are  based  on  the  transfer  coefficien^;ii8(sveld]^d  by  Baes  et  al.  (1984)  for  vegetative  parts 
of  plants,  since  the  edible  parts  aj|^e  the  leaves.  The  coefficients  developed  by 

Baes  et  al.  (1984)  were  conv!e||*sd,;:fi^j;dty  weight  to  wet  weight  by  assuming  that  lettuce 
and  tomatoes  have  waterjiiatents'^95  and  94  percent,  respectively.  The  uptake  factors 
for  the  inorganic  compoundBl%«.j|libsented  in  Tables  8B-8  through  8B-13  (lettuce)  and 
Tables  8B-14  through  8B-19  (toniiatoes). 


Average  concentrations  of  pollutants  in  lettuce  and  average  daily  intakes  are  summarized 
for  the  adult  and  child  for  the  Resident-A,  Resident-B,  and  the  Farmer  exposure  scenarios 
in  Tables  8B-8,  8B-9,  and  8B-10,  respectively.  Maximum  lettuce  concentrations  and 
marimiiTTi  daily  intakes  are  presented  in  Tables  8B-11,  8B-12,  and  8B-13.  Average 
concentrations  of  pollutants  in  tomatoes  and  average  daily  intakes  are  summarized  for  the 
adult  and  child  for  the  Resident-A,  Resident-B,  and  Farmer,  exposure  scenarios  in  Tables 
8B-14, 8B-15,  and  8B-16,  respeaively.  Maximum  tomato  concentrations  and  maximum  daily 
intakes  are  presented  in  Tables  8B-17,  8B-18,  and  8B-19. 
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APPENDIX  8C 


METHODOLOGY  FOR  DETERMINING  POLLUTANT  UPTAKE 
THROUGH  MILK  AND  BEEF  CONSUMPTION 


8C.1  INTRODUCTION 

The  calculation  of  pollutant  intakes  via  the  consumption  of  daily  and  beef  products  involves 
a  number  of  steps: 


Calculation  of  the  pollutant  coiiipntratiffiSiin  locally  grown  cattle  feed 
resulting  from  surface  depositio^mfliuptake  from  contaminated  soil. 


Calculation  of  the  concentriiiipfflii||eipollutant  in  the  products  (milk,  beef). 


Prediction  of  daily|liyMa^i^|py  and  beef  products  by  humans. 


This  appendix  will  address^  of  issues. 


8C,2  CONCENTRATIONS  RESULTING  FROM  PLANT  UPTAKE 


The  methodology  used  in  calculating  pollutant  concentrations  in  cattle  feed  through  plant 
uptake  from  soil  was  the  same  as  that  described  for  garden  vegetables,  and  is  described  by 
Jhe  equation: 


Cpuu..  =(C«,,)(PUF) 


Where: 


Cpunt  =  Pollutant  concentration  in  plant  resulting  from  root  uptake  (mg/kg). 

8C-1 


534C/A8C 


1/12/91 


C*oii  =  Pollutant  concentration  in  soil  (mg/kg). 

PUP  =  Plant  uptake  factor,  the  ratio  between  pollutant  concentration  in  soil 
and  plant  (unitless). 


It  was  assumed  that  hay,  grain,  and  com  are  grown  in  fields  that  are  regularly  tilled; 
therefore,  soil  pollutant  concentrations  were  based  on  a  20-cm  miinTig  depth.  The 
contaminant  soil  concentrations  are  based  on  deposition  at  the  Farmer  scenario  location 
over  the  2-year  life  of  the  incinerator  and  are  calculated  as  described  in  Appendix  8A. 
As  discussed  in  Subsection  8.1.1,  for  all  scenarios,  a  faim  is  assumed  to  be  located  in  the 
area  of  highest  deposition  and  air  concentration  wh^  cows  were  observed  grazing. 


8C,2.1  Inorganics 


Plant  uptake  factors  were  derived  for  aiit£aioi5'’JS|penic,  barium,  beryllium,  copper,  lead, 
mercury,  selenium,  silver,  and  These  are  the  inorganics  that  have  been 

identified  as  contributing  greate^^niippig^nt  of  background  concentrations. 

The  uptake  factors  that  yy^le  usedifer  antimony  in  com  silage  and  hay  were  derived  by 
dividing  the  antimony  conce&|fi||ps  that  have  been  reported  in  com  grain  and  grass, 
respectively,  by  a  mean  concentraEon  for  antimony  reported  in  soils  (Kabata-Pendias  and 
Pendias,  1985).  A  transfer  coefficient  developed  by  Baes  et  al.  (1984)  for  reproductive 
portions  of  plants  was  used  as  the  uptake  factor  for  antimony  in  grain. 


The  arsenic  uptake  factors  for  grain  were  based  on  data  reported  for  barley  grain, 
(Kabata-Pendias  and  Pendias,  1985).  The  uptake  factors  for  arsenic  by  hay  and  com  are 
presented  in  NRCC  (1978). 


The  barium  uptake  factor  used  for  hay  was  derived  by  dividing  the  mean  barium 
concentration  reported  in  alfalfa  hay,  by  a  mean  concentration  for  barium  reported  in 


534C/A8C 


8C-2 


1/12/91 


soil.  A  transfer  coefficient  developed  by  Baes  et  al.  (1984)  for  reproductive  portions  of 
plants  was  used  as  the  uptake  factor  for  barium  in  grain  and  com  silage. 

A  transfer  coefficient  developed  by  Baes  et  al.  (1984)  for  reproductive  portions  of  plants 
was  used  as  the  uptake  factor  for  beryllium  in  grain  and  com  silage.  Baes  et  al.  (1984) 
also  developed  a  transfer  coefficient  for  vegetative  portions  of  plants  for  beryllium,  which 
was  used  as  the  uptake  factor  for  hay. 


For  copper,  uptake  factors  in  hay  and  grain  were  based  on  data  reported  for  pasture 
herbage  and  barley  grain,  respectively  (Kabata-Pendias  and  Pendias,  1985).  An  uptake 
factor  for  com  silage  was  derived  by  dividing  tl»  copper  concentration  in  com 


grain  by  a  mean  soil  concentration  (Kabata- 


and 


1985). 


The  uptake  factors  that  were  used  for  le^,in  gri^uCpm  silage,  and  hay  were  derived  by 
dividing  mean  lead  concentrations  in  wh^jiji||»m  grain,  and  clover,  respectively,  by 
a  mean  lead  concentration  report^fUlloilSlij^abata-Pendias  and  Pendias,  1985). 


Uptake  factors  for  mercury,  and  hay  were  derived  by  dividing  the  mean 

mercury  concentration  in  dsm  grai&fand  alfalfa  by  a  mean  mercury  concentration  in  soils 
(Kabata-Pendias  and  Pendias»..198^.  A  transfer  coefficient  for  mercury  developed  for 
the  reproductive  parts  of  plants  was  used  as  an  uptake  fartor  for  mercury  in  grain  (Baes 
et  al.,  1984). 


Uptake  factors  for  selenium  in  com  silage  and  hay  were  based  on  data  reported  for  com 
find  rye  grass,  respectively  (Kabata-Pendias  and  Pendias,  1985).  A  transfer  coefficient 
for  selenium  developed  for  reproductive  parts  of  plants  was  used  as  an  uptake  factor  for 
selenium  in  grain  (Baes  et  al.,  1984). 


Transfer  coefficients  developed  by  Baes  et  al.  (1984)  for  silver  and  thallium,  based  on 
reproductive  portions  of  plants,  were  used  as  uptake  factors  for  silver  and  thallium  in 
grain  and  com  silage.  Baes  et  al.  (1984)  also  developed  transfer  coefficients  for 
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vegetative  portions  of  plants  for  silver  and  thallium,  which  were  used  as  uptake  factors 
for  hay.  The  uptake  factors  are  presented  in  Tables  8C-1,  8C-2,  and  8C-3  for  grain,  hay, 
and  com  silage,  respectively,  along  with  pollutant  concentrations  for  these  feeds. 

8C.22  Organics 

Plant  uptake  faaors  for  organic  compounds  were  calculated  using  the  same  methodology 
as  that  described  for  tomatoes  and  lettuce,  and  are  expressed  by  the  following  equation 
developed  by  Travis  and  Arms  (1988): 

PUF  =  38.9  jiUlfe. 

8CJ  CONCENTRATION  FROM  SURFACE  .lElpQSTTlBt^ 

The  concentrajipns  of  pollutants  in  ca^f  j^ed  from  surface  deposition  (C^) 

were  calculated  using  equations  simiiarilP::®!!^  used  for  lettuce  and  tomatoes  in 
Appendix  8B: 

Q 

(maximum) 

Q 

(average) 

Where: 

DR 


SDF  = 


(DR)(Sli^|^'%= 

(DR)(Sli^f0) 


Pollutant  dry  deposition  rate  (mg/m^s).  This  includes  only  dry 
deposition.  Pollutants  falling  on  plant  surfaces  from  wet  deposition 
are  washed  off  the  plant  and  are  incorporated  into  the  soil. 

Surface  deposition  factor  (m^s/kg). 
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Table  8C*1 


Average  and  Maximom  Pollutant  Concentration  in  Grain  at  the  Farm  Location 


[ 


I 


ORGANICS 

Acstonltri 

Aldpin 

Atrszirw 

Benzs  Idehvde 

Benzofursn 

Benzoic  Acid 

Benzonitri le 

Csrtezole 

4-Chlorobiphenyl 

4 , 4 - Ch I opob i pheny I 

4 - Ch I opopheny I «ethy I »u I f one 

4 -Ch  I  or  Ofsheny  I  aethy  i  su  I  f  ox  i  de 

p,p-OOE 

P,P-C»T 

Oibenzofupon 

OieldPin 

Of  isopropyl  Methyl phoephonete 
1 ,3-0  inethylbenzene 
0 inethyl  Methylphosphonete 
Disnthylphosphste 
Dioxine/Furane  (EPA  TEFs) 

01  thiane 
Endrin 

Nexach  I  orobenzene 

Hexach  I  orocyc  I  opent  ad  1  ene 

Isodrin 

Malathion 

Methanol 

4-Nitrophenol 

PAHS 

Acenaphthalene 

Acena^thene 

Benzo(a)pyrane 

Chrysene 

0  i  benzo(  a ,  h  )enth  racene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Pent  ach  I  orobenzene 
Phenol 
Quinoline 
Simona 

T  et  r ach  I  orobenzene 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M  ' 
"O/Kg 


4.88E-13 

5.17E-15 

U19E-17 

1.06E-10 

2.03E-10 

5.13E-11 

4.ME-14 

9.75E-15 

5.89E-11 

7.T2E-13 

3.92E-16 

1.46E-15 

1.60E-12 

3.21E-16 

1.01E-11 

1.06E-15 

7.76E-15 

2.03E-11 

3.06E-15 

1.22E-12 

7.64E-13 

1.86E-16 

2.13E-16 

4.33E-14 

9.61E-15 

2.72E-15 

4.15E-15 

1.18E-10 

4.30E-14 

5.08E-11 

5.08E-11 

1.79E-13 

2.24E-13 

2.43E-13 

6.S6E-13 

1.01E-11 

3.10E-13 

1.50E-13 

5.73E-16 

1.55E-13 

5.50E-10 

2.43E-14 

1.72E-15 

6.54E-14 


MAXIMUM 
CALCUUTED 
CONC  IN 
SOIL 
.2M 
«g/Kg 


4.95E-13 

5.24E-15 

3.92E-16 

1.07E-10 

2.06E-10 

5.20E-11 

4.95E-14 

9.89E-15 

5.98E-11 

7.a3E-13 

1,03E-14 

3.83E-14 

&.05E-12 

1.61E-15 

1.03E-11 

1.08E-15 

1.36E-13 

2.06E-11 

1.07E-13 

1.24E-12 

2.97E-12 

1.89E-16 

9.73E-16 

3.13E-13 

9.75E-15 

2.76E-15 

4.21E-15 

1.20E-10 

4.36E-14 

5,1EE-11 

S.04E-12 

5.72E-12 

5.96E-12 

1.70E-11 

1.03E-11 

9.22E-12 

4.51E-12 

5.81E-16 

1.57E-13 

5.58E-10 

2.46E-U 

1.75E-15 

6.63E-14 


PLANT  UPTAKE 
FACTOR 


6.13E^01 

1.99E-03 

1.09E+00 

S.39E-K» 

I.IOE-KW 

3.20€'KX) 

4.84E^00 

4.81E-01 

5.60E-02 

2.26E-02 

7,83E*KK) 

b.SBE*^ 

1.95E-02 

7.96E-03 

1.59E-01 

9.88E-03 

3.86£<KK) 

5.42E-01 

4.79E^02 

1,13E-02 

1.39E-K)1 

8.81E-02 

2.61E-02 

2.48E-02 

6.52E-03 

8.20e-01 

1.16E-K)2 

7.9e£-01 

1.70E-01 

2.07E-01 

7.35E-03 

1.71E-02 

6.61E-03 

3.65E-02 

1,12E-01 

8.70E-02 

3.8SE-02 

2.40E-01 

4.40E-02 

5.34E^ 

2.59E<KI0 

6.11E-01 

1.UE-01 


AVERAGE 
CALCUUTED 
CONC.  IN 
GRAIN 
eg/Kg 


2.99E-11 

1.03E-17 

1.29E-17 

5.70E-10 

2.23E-10 

1.64E-10 

2.36E-13 

4.69E-15 

3.30E-12 

1.74E-14 

3.07E-15 

9.61E-15 

3.12E-U 

2.56E-18 

1.61E-12 

1.05E-17 

3.00E-14 

1.10E-11 

1.47E-12 

8.81E-15 

2.59E-15 

l.88e-17 

1.13E-15 

2.38E-16 

1.77E-17 

3.40E-15 

1.37E-08 

3.43E-14 

8.62E-12 

1.05E-11 

1.31E-15 

3.82E-15 

1.61E-15 

2.39E-14 

1.14E-12 

2.70E-14 

5.79E-15 

1.37E-18 

6.82E-I5 

3.04E-09 

6.28E-H 

1.05E-15 

7.43E-15 


MAXIMUM 
CALCUUTED 
CONC.  IN 
GRAIN 
Mg/Kg 


3.03E-11 
1.04E-17 
4.25E-16 
5.796-10 
2.27E-10 
1. 666-10 
2.406-13 
4,76E-15 
3.35E-12 
1.77E-14 
8.07E-14 
2.52E-13 
1.57E-13 
1.28E-17 

1. 636- 12 
1.066-17 
5.246-13 
1.12E-11 
5.13E-11 

3.35E-14 

2.636- 15 
8.586-17 
8.186-15 
2.42E-16 
1.806-17 
3.45E-15 

1.396- 08 
3.48E-14 

8.75E-12 

1.07E-11 

3.71E-14 

9.756-14 

3.946-14 

6.196-13 

1.1SE-12 

8.026-13 

1.74E-13 

1.396- 16 
6.926-15 
3.096-09 
6.37E-14 
1.07E-15 
7.536-15 


I 
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Table  8C-1 
(Continued) 


T  r  1  i  ©robsmsiiTO 

3.44g»U 

3.49f‘*14 

1.91E-01 

6,598-15 

6.63E-15 

Utm 

7.45E-10 

7.54E-10 

2.05E-H83 

1.53E-06 

1. 558-06 

4.59E-15 

4.65E-13 

6.008^ 

2o75E-14 

2.79E-14 

imktmits 

kntiBSTTf 

4.7SE-07 

4.8C«-07 

3.008-02 

1,42£-M 

I.UE-C® 

Ammic 

2.6S£-C36 

2,72£-06 

3.30€-03 

8,aSE-09 

8.96€-©9 

%Qr\m 

6.56E-07 

6,65g-07 

1.50E-02 

9,84E»09 

9.f^-09 

Beryl  lim 

2.74g-08 

2.78E-Cm 

1.50E-03 

4,11E-11 

4,178-11 

Copper 

2.51E-03 

2.55E-03 

1.70E-01 

4.27E-04 

4,33i-04 

8.40€-07 

8.53E-07 

2.4i6E-02 

2.07E-08 

2.1DE-0a 

Wercury 

7.41E-07 

7.528-07 

2.00E-01 

1. 4^-07 

1,5OE-07 

6.87E-05 

6.97E-03 

2.50E-O2 

1.72E-04 

1,74€-04 

Si lv©r 

7.12g-05 

7.22E-05 

1.00E-01 

7.12E-06 

7.22E-06 

Thalliyia 

6.91E“C^ 

7.01E-06 

4. (^-04 

2.76E-09 

2.IM^-09 
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In  calculating  the  average  pollutant  concentration  from  surface  deposition,  the  factor  of 
2/70  accounts  for  the  2  years  of  pollutant  deposition  from  the  facility  that  would  occur 
over  a  70-year  lifetime  of  an  individual. 

The  surface  deposition  factor  was  calculated  using  the  following  formula  (Holton,  1984): 
SDF  (m^s/kg)  =  r 

Yk 


Where: 


r  =  Interception  fraction  of  the  plants  (unipSS^Paes  et  al.,  1984). 
k  =  Total  rate  constant  for  degradationipbcfsses  (Baes  et  al.,  1984) 
t  =  Growing  time  (s)  (Personal  Comni^liMlion). 

Y  =  Plant  yield  (dry  weight)  (kg/|ii|||;::;„  ^ 

Pollutant  concentrations  were  d^fii^ed  ^^11;:  terms  of  dry  weight.  The  dry  weight 
productivity  factors  (plant  yields|i0;u|pwefiffused  were  based  on  information  from  Ron 
Jepson  (Adams  County  li^nsion  Agency,  Personal  Communication,  1990). 

The  plant  yield  used  for"^%;;,(035^]^/m^)  was  based  on  one  crop  of  alfalfa  hay.  The 
plant  yield  for  one  crop  of  coilfip|e  was  assumed  to  be  1.80  kg/m^ 


An  interception  fraction  for  hay  was  calculated  using  the  following  formula  (Baes  et  al., 
1984): 

f  Interception  fraction  =  1  -  e^*^^ 

Where: 

Y  =  Productivity  in  dry  weight  (kg/m^). 
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Using  the  preceding  productivity  factor,  an  interception  fraction  of  0.635  was  obtained 
for  hay.  An  average  interception  fraction  of  0.44  was  used  for  com  silage  (Baes  et  al., 
1984). 

As  in  the  case  of  vegetable  produce,  only  weathering  was  considered  as  a  source  of 
pollutant  loss.  The  derivation  of  the  weathering  loss  constant,  5.78  x  10'V\  is  discussed 
in  Appendix  8B. 

A  growing  time  of  4.5  weeks  (2.72E+06  seconds)  was  assumed  for  one  crop  of  alfalfa 
hay,  and  130  days  (1.12E+07  seconds)  for  one  aop  df  com  silage  (Ron  Jepson,  Adams 
County  Agricultural  Extension  Agency,  Personal  Casamunication,  1990). 

For  the  Resident- A,  Resident-B,  and  Fann©f -.sctearios,  it  was  conservatively  assumed 
that  all  hay,  com,  and  grain  fed  to  theingattle  grown  at  the  farm  location.  As 
discussed  in  Subsection  8.1.1,  for  all  sceipn<J|iii|^^^  is  assumed  to  be  located  in  the 
area  of  highest  deposition  and  air  jgi||ntrll|n  where  cows  were  observed  grazing. 

8C.4  CATTLE 

It  was  assumed  that  dairy  caSk-coaisume  22.45  kg  (dry  weight)  of  feed  per  day,  and  beef 
cattle  consume  13  kg  (dry  weight)  of  feed  per  day  (Dr.  Tim  Stanton,  Colorado  State 
University,  Personal  Communication,  1990).  It  was  assumed  that  in  the  Rocky  Mountain 
Arsenal  area,  a  dairy  cow’s  average  diet  consists  of  55  percent  grain,  17.5  percent  com 
Milage,  17.5  percent  hay,  and  10  percent  protein  supplement.  The  average  diet  of  beef 
cattle  consists  of  80  percent  grain,  5  percent  com  silage,  5  percent  hay,  and  10  percent 
protein  supplement  (derived  from  information  provided  by  Dr.  Tim  Stanton,  Colorado 
State  University,  Personal  Communication,  1990).  It  was  assumed  that  protein 
supplement  is  not  exposed  to  pollutants  in  the  area,  and  thus  does  not  contribute  to 
pollutants  that  cattle  receive  through  their  diet. 
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In  addition,  although  some  cattle  in  the  area  may  graze,  lactating  dairy  cattle  and 
finishing  stock  do  not  graze,  and  thus,  pasture  grass  and  incidental  soil  ingested  while 
grazing  will  not  be  evaluated. 

The  average  pollutant  concentration  in  the  feed  from  all  sources  was  calculated  using  the 
following  general  equation: 

Cfeed  ~  [(Qwy  *  ^^h*y)  (^com  *  ^^com)  (^grain  *  ^^graui)]/^^feed 

Where: 

Cfeed  =  Pollutant  concentration  in  cattle  f|pd,  mg/kgii: . 

Q,y  =  Pollutant  concentration  in  hay,-iiSj||(^)|^r' 

DIh,y  =  Daily  intake  of  hay,  dry  weight,  kg7ii|||,. 

Cjoni  =  Pollutant  concentration  in  mg/kg. 

DIjorn  =  Daily  intake  of  com,j^i|i^  diy'Weight,  kg/day. 

Cjnin  =  Pollutant  concentrsaion  in  gr^  mg/kg. 

DIgnin  =  Daily  intake  o||!|pn»  diy  weight,  kg/day. 

^^eed  ~  ^^h«y  ^^gn||B 

The  calculated  average  dairy  caMe  feed  pollutant  concentrations  are  presented  for  the 
Resident-A  and  Resident-B  scenarios  in  Table  8C-4,  and  for  the  Fanner  scenario  in 
Table  8C*5.  The  m;»rimum  dairy  cattle  feed  pollutant  concentrations  are  presented  in 
Tables  8C-6  and  8C-7.  The  calculated  average  beef  cattle  feed  pollutant  concentrations 
^re  presented  in  Tables  8C-8  and  8C-9,  and  the  maximum  beef  cattle  feed  pollutant 
concentrations  are  presented  in  Tables  8C-10  and  8C-11. 
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Average  Pollutant  Concentration  in  Milk  for  the  Resldent-A  and  Resldent-B  Scenarios 
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Average  Pollutant  Concentration  in  Beef  for  the  Farmer  Scenario 
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beef.  The  DUFs  for  these  pollutants  were  calculated  by  multiplying  transfer  coefficients 
(day/kg)  by  the  daily  feed  intake,  22.45  kg/day  (dairy  cattle),  and  13  kg/day  (beef 
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cattle).  Transfer  coefficients  (TC)  for  the  organics  were  derived  using  equations 
developed  by  Travis  et  al.  (1988): 

TC^  = 

TCbeef  = 


The  log  Kqw  can  be  found  in  i^pendix  8B,  Table  8B-1. 


Transfer  coefficients  for  the 
beef  cattle. 


inorganics  were  identifi(?^iby  Baes  et  al.  (1984)  for  dairy  and 


The  calculated  pollutant  concentrations  in  milk  fat  as  well  as  daily  intakes  are 

summarized  in  Tables  8C-4  and  8C-5|i|!lsera^gd''nl|!vels)  and  Tables  8C-6  and  8C-7 
(maximum  levels).  Beef  and  beef  fat  |^uphPconcentrations  and  daily  intakes  are 
summarized  in  Tables  8C-8  arufepB^^^^l^e  levels)  and  Tables  8C-10  and  8C-11 
(maximum  levels). 
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APPENDIX  8D 


CALCULATION  OF  THE  ESTIMATED)  DAILY  INTAKE 
FOR  THE  SOIL/DUST  INGESTION  RfUTE  OF  EXPOSURE 


Table  8D-1 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Resident-A  Scenario 


ORGANICS 

Acetonitrile 

Aldrin 

Atrazine 

Benzaldehyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4- Chlorobi  phenyl 

4 , 4  -  Ch  I  orobi  pheny  I 

4  -  Ch  I  oropheny  I  laethy  I  sul  f  one 

4  -  Ch  1  oropheny  iaet hy  I  au  I  f  ox  i  de 

p,p-DOE 

p,p-D0T 

Oi benzofuran 

Dieldrin 

Di isopropyl  Methylphoaphonate 

1 ,3-Diiaethylbenzene 

Dimethyl  Methylphosphooate 

Dimethylphoaphate 

Dioxina/Furane  (EPA  TEFs) 

Dithiane 

Endrin 

Hexachlorobanzene 

Naxach lorocyc lopentadi ant 

Isodrin 

Malathion 

Hethenol 

4-Mitrophanol 

PAHS 

Acanaphthalane 

Acenaphthane 

Benzo<a)pyrene 

Chrysene 

D  i  banzo(  a  ,h  )onthracene 
Fluoranthene 
Fiuorane 
Phenanthrene 
Pyrene 
Parathion 
Pentach  I  orobenzana 
Phenol 
Quinoline 


AVERAGE . HAXIWM 


C  soil 
CALCULATED 
CONC  IN 
SOIL 

ng/icg 


1.14E-12 

1.21E-14 

2.78E-17 

2.47E-10 

4.74E-10 

1.20E-10 

1.14E-13 

2.28E-14 

1.38E-10 

1.80E-12 

9.15E-16 

S.AIE-IS 

3.74E-12 

7.49E-16 

2.37E-11 

2.47E-15 

1.81E-14 

4.74E-11 

7.UE-15 

2.84E-12 

1.78E-12 

4.35E-16 

4.97E-16 

1.01E-13 

2.24E-14 

6.34E-15 

9.68E-15 

2.75E-10 

i.ooe-13 

1.19E-10 
1.19E-10 
4.17E-13 
5.23E-13 
5.67E-13 
1.53E-12 
2.37E-11 
7.24E-13 
3.51E-13 
1.34E-15 
3.62E-13 
1. 286-09 
5.67E-14 


EDI 

ESTIMATED 

DAILY 

INTAKE 

n^/Kg/day 


1.63E-18 
1.72E-20 
3.98E-23 
3.53E-16 
6.77E-16 
1.71E-16 
1.63E-19 
3.25E-20 
1.96E-16 
2.57E-18 
1.31E-21 
4.87E-21 
5.34E-18 
1.07E-21 
3.38E-17 
3.53E-21 
2.59E-20 
6.77E-17 
1-02E-20 
4.06E-18 
2.55E-18 
6.21E-22 
7.10E-22 
1.44E-19 
3.20E-2C 
9. 066-21 

1.386- 20 
3.936-16 
1.436-19 

1.69E-16 

1.69E-16 

5.966-19 

7.47E-19 

8.11E-19 

2.19E-18 

3.386- 17 
1.03E-18 
5.01E-19 
1.91E-21 
5.17E-19 
1.836-15 
8.09E-20 


C  soil 
CALCULATED 
CONC  IN 
SOIL 
.1M 

«o/Rg 


1.15E-12 

1.22E-14 

9.14E-16 

2.51E-10 

4.81E-10 

1.21E-10 

1.15E-13 

2.31E-14 

1.40E-10 

1.836-12 

2.406-14 

8.946-14 

1.886-11 

3.766-15 

2.40E-11 

2.51E-15 

3.17E-13 

4.81E-11 

2.506-13 

2.886-12 

6.936-12 

4.41E-16 

2.27E-15 

7.306- 13 
2.27E-14 
6.446-15 
9.82E-15 
2. 796-10 
1.02E-13 

1.20E-10 
1.20E-10 
1.186-11 
1.33E-11 
1. 396-11 
3.966-11 
2.40E-11 
2.15E-11 
1.05E-11 
1.36E-15 
3.67E-13 

1.306- 09 
5.75E-14 


EDI 

ESTIMATED 

DAILY 

INTAKE 

mg/Kg/day 


1. 656-18 
1.75E-20 
1.31E-21 
3.586-16 
6.87E-16 
1.73E-16 
1.65E-19 
3.30E-20 

1.996- 16 
2.61E-18 
3.43E-20 
1.286-19 

2.686- 17 
5.37E-21 
3.43E-17 
3.59E-21 
4.536-19 
6.87E-17 
3. 576-19 
4.12E-18 
9,916-18 

6.306-22 
3.25E-21 
1.04E-18 
3.256-20 
9.196-21 
1.406-20 

3.996- 16 
1.45E-19 

1.72E-16 

1.726-16 

1.686- 17 
1.91E-17 

1.996- 17 
5.65E-17 
3.436-17 
3.07E-17 
1.50E-17 
1.94E-21 
5.24E-19 
1.866-15 
8.21E-20 
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Table  8D°1 

(continued) 


Supon© 

4.01E-15 

5,736-21 

4.076-15 

5.826-21 

T  @t  rffich  1  oreb@n2@ftt 

1.53E-13 

2.186-19 

1.556-13 

2.216-19 

T  r  1  ch  t  orotemem 

A.04E-14 

1.156-19 

8.156-14 

1.166-19 

Ur@a 

1. 746-09 

2.486-15 

1.766-09 

2.526-15 

Vapora 

1.076-14 

1.536-20 

1.096-14 

1.55E-20 

AntimDfv 

1.106-06 

1.586-12 

1.126-06 

1.^-12 

Arstnie 

6. 256-06 

8.926-12 

6.346-06 

9.05E-12 

B&rim 

1.536-06 

2.196-12 

1.55E-06 

2.226-12 

6.39E-08 

9.136-14 

6. 4^-08 

9.266-14 

Co^r 

5.666-03 

8.376-09 

5.946-03 

8.496-09 

L@ad 

1.966-06 

2.8(^-12 

1.996-06 

2.846-12 

Meroiry 

1.736-06 

2.476-12 

1.756-06 

2.516-12 

1.60E-02 

2.296-08 

1.636-02 

2.326-M 

Si  Iwr 

1.666-04 

2.376-10 

1.686-04 

2.41E-10 

Thallium 

1.616-05 

2.306-11 

1.646-05 

2.346-11 

Annual  average  soil/dust  ingestion  rate  (1(K)  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (70  kg) 
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Table  8D-2 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Resident'S  Scenario 


AVERAGE . KAXIIMI 


C  soil 

EDI 

C  soil 

EDI 

CALCULATED 

ESTIMATED 

CALCUUTED 

ESTIMATED 

CONC  IN 

DAILY 

CONC  IN 

DAILY 

SOIL 

INTAICE 

SOIL 

INTAKE 

.1M 

me/Ks/day 

.1M 

■g/Kfl/day 

ng/Ka 

«B/Kg 

ORGAi^ICS 

Actttonltril« 

1.6SE-12 

2.35E-18 

1.67E-12 

2.38E-18 

Aidrin 

1.74E-14 

2.49E-20 

1.77E-14 

2.53E-20 

Atrazine 

4.03E-17 

5.75E-23 

1.32E-15 

1.89E-21 

Banzaldah^^ 

3.57E-10 

5.10E-16 

3.62E-10 

5.17E-16 

Banzofuran 

6.85E<10 

9.79E-16 

6.95E-10 

9.93E-16 

Banzofc  Acid 

1,73E-10 

2.47E-16 

1,75E-10 

2.51E-16 

Benzonitrila 

1.65E-13 

2.35E-19 

1.67E-13 

2.38E-19 

Carbazole 

3.29E-14 

4.70E-20 

3.34E-14 

4.77E-20 

4  -  Ch  1  orob  1  phany  1 

1.99E-10 

2.84E-16 

2.02E-10 

2.88E-16 

4 , 4  -  Ch  1  orob  i  phany  1 

2.60E-12 

3.72E-18 

2.64E-t2 

3.77E-18 

4  -  Cb  ( oropbeny  1  me  t  hy  1 BU 1  f  ona 

1.32E-15 

1.89E-21 

3,47E-14 

4.96E-20 

4  •  Ch  1  oro^any  1  ma  thy  i  au  1  fox  i  da 

4.92E-15 

7.03E-21 

1.29E-13 

1.85E-19 

p,p-DDg 

5,41E-12 

7.73E-18 

2.72E-11 

3.88E-17 

p,p-00T 

1.08E-15 

1.55E-21 

5,44E-15 

7.77E-21 

Dibanzofuran 

3,42E-11 

4.89E-17 

3.47E-11 

4.96E-17 

Oialdrin 

3.5aE-13 

5.11E-21 

3.63E-15 

5.18E-21 

Di isopropyl  Mathylphoaphonata 

2.62E-14 

3.74E-20 

4.58E<13 

6.55E-19 

1 ,3*0imathylbanzana 

6.65E-11 

9.79E-17 

6.95E-11 

9.93E-17 

Diamthyl  Mathylphoaphonata 

1.03E-U 

1.47E-20 

3.61E-13 

5.16E-19 

D  i  ma  t  hy  1  phoaphat  a 

4.11E-12 

5.87E-18 

4.17E-12 

5.96E-18 

Dioxirm/Furana  (EPA  TEFs) 

2.58E-12 

3.68E-18 

1.00E-11 

1.43E-17 

Dithiana 

6.29E-16 

8.96E-22 

6.38E-16 

9.11E-22 

Endrin 

7.19E-16 

1.03E-21 

3.28E-15 

4.69E-21 

Haxach  1  orobanzana 

1.46E-13 

2.09E-19 

1.06E-12 

1.51E-18 

haxach  1  orocyc  1  opantad  i  ant 

3.24E-U 

4.63E-20 

3.29E-14 

4.70S-20 

Isodrin 

9.17E-15 

1.31E-20 

9.30E-15 

1.33E-20 

Malathion 

1-40E-U 

2.00E-20 

1.42E-U 

2.03E-20 

Mathenol 

3-96E-10 

5.68E-16 

4.03E-10 

5.76E-16 

4-Bitrophanol 

1.45B-13 

2,07E-19 

1.47E-13 

2.10E-19 

PAHS 

Acanaphthalana 

1.72E-10 

2.4SE-16 

1.741-10 

2.49E-16 

Acana^thana 

1,72E-10 

2.45E-16 

1.74E-10 

2.49E-16 

Banzo(8)pyrana 

6.03E-13 

8.62E-19 

1.70E-11 

2.43E-17 

Chrysana 

7.55E-13 

1.08E-18 

1.93E-11 

2.76E-17 

0  i  banzoC  a ,  h  )anthracana 

8.20E-13 

1.17E-18 

2.01E-11 

2.87E-17 

Fluoranthana 

2.21E-12 

3.16E-18 

5.72E-11 

8.17E-17 

Fluorana 

3.42E-11 

4.89E-17 

3.47E-11 

4.96E-17 

Phananthrana 

1.05E-12 

1.50e-18 

3.11E-11 

4.44E-17 

Pyrana 

5.07E-13 

7.2SE-19 

1.52E-11 

2.17E-17 

Parathion 

1.93E-15 

2.76E-21 

1.96E-15 

2.80E-21 

Pen  t  ach  1  orobanzana 

5.23E-13 

7.47E-19 

5.31E-13 

7.58E-19 

Phenol 

l.d6E*09 

2.65E-15 

1.88E-09 

2.69E-15 

Quinoline 

8,19E-14 

1.17E-19 

8.31E-14 

1.19E-19 
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Table  8D-2 


(continued) 


5. 80S- 15 

8.29E-21 

5.89E-15 

8.41E-21 

T  et  r®ch  1  orebemew 

2.21E-13 

3.15S-19 

2.24E-1S 

3.20E-19 

T  r  i  cb  loreb®m©f» 

'  1.16S-13 

1.66S-19 

1.18E-13 

1.68€-1f 

UrM 

2.51E-C^ 

3.59S-15 

2.55E-09 

3.&4E-15 

Vapona 

1.55E-U 

2.21S-20 

K57E-H 

2.24E-20 

INOSOAtUeS 

Antiiiofiy 

1.60S-(^ 

2.2BS-12 

1.<S2E-06 

2.31E-12 

Apsanic 

9.03E-06 

1.29S-11 

9,16e-06 

1.31E-n 

iariiB 

2.21E*06 

3.16S-12 

2.24E‘06 

3.21E-12 

s®pyin« 

9.24E-0a 

1.32S-13 

9.37E-08 

1.34E-13 

Copper 

8,47E-03 

1.21E-08 

8.59E-03 

1.23E-08 

l®ad 

2.84E-06 

^.05£-12 

2.83E-M 

4.11E-12 

Mercury 

2.50E-06 

3.57E-12 

2.54E-06 

3.62E*12 

Saltniia 

2.32E-02 

3.31E-08 

2.3SE-02 

3.36E*n3 

SI lv®r 

2.40E-CI4 

3.43E-10 

2.44E-04 

3.48E-10 

Thallis^ 

2.33E-05 

3,33£-11 

2.36E-05 

3.3aE*11 

3 


Annual  average  soil/dust  ingestion  rate  (100  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (70  kg) 
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Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  SoU/Dust  Ingestion  Route  of  Exposure 
Adult,  Fanner  Scenario 


ORGANICS 

Acetonitri Ic 

Atdrin 

Atrwirw 

Benzaldehyde 

Banzofuran 

Benzoic  Acid 

Benzonitri le 

CarbezoU 

4-ChloPobipii«nyl 

4 , 4  -  Ch  I  or^  i  phcny  I 

4  -  Ch  I  oropheny  Inethy  Uul  f  one 

4- lorophenyinethy  Isul  f  oxide 


PrP“W)E 

p,p-K)T 

Dibenzofuran 

Oiatdrin 

Diieopropyl  Hethylphoaphonate 
1 , 3  -  D  i  me  thy  I  benzene 
Diiaethyi  Methyl phoaphonate 
Diiaethy  I  phosphate 
Dioxina/Fupona  (EPA  TEFa) 
Dithiane 
EndPin 

Hexach  I  opobenz  ana 

Hexach  I  opocyc  i  opent  ad  i  ene 

laodpin 

Malathion 

Methanol 

4-Nitropher»l 


PAHS 

Acenaphthalene 
Acena^thene 
Benzol  a  >pypene 
Chpyaene 

D  i  benzol  a ,  h  )anthracene 
Fluopanthene 
Fluopene 
Phenanthpene 


Pypene 
Parathion 
Pent  ach  I  or obanzene 
Phenol 
Quinoline 


AVERAGE . MAXIMUM 


C  aoil 

EDI 

C  aoil 

EDI 

CALCUUTEO 

ESTIMATED 

CALCULATED 

ESTIMATED 

CONC  IN 

DAILY 

CONC  IN 

DAILY 

SOIL 

INTAICE 

SOIL 

INTAICE 

.IM 

ng/Kg/day 

.IM 

ag/Xg/day 

m/tg 

IBB/Kg 

9.75E-13 

1.39E-18 

9.B9E-13 

1.41E-18 

1.03E-14 

1.48E-20 

1.05E-14 

i.soe-2o 

2.39E-17 

3.41E-23 

7.83E-16 

1.12E-21 

2.12E-10 

3.02E-16 

2.15E-10 

3.07E-16 

4.06£*10 

5.80E-16 

4.12E-10 

5.89E-16 

1.03E-10 

1.46E-16 

1.04E-10 

1.49E-16 

9.75E-U 

1.39E-19 

9.89E-U 

1.41E-19 

1.95E-14 

2.79E-20 

1.98E-14 

2.83E-20 

1.18E-10 

1.68E-16 

1.20E-10 

1.71E-16 

1.54E-12 

2.21E-18 

1.57E-12 

2.24E-18 

7.84E-16 

1.12E-21 

2.06E-14 

2.94E-20 

2.92E-15 

4.17E-21 

7.66E-14 

1.09E-19 

3.21E-12 

4.56E-18 

1.61E-11 

2.30E-17 

6.42E-16 

9.17E-22 

3.22E-15 

4.60E-21 

2.03E-11 

2.90E-17 

2.06E-11 

2.94E-17 

2.12E-15 

3.03E-21 

2.15E-15 

3.07E-21 

1.55B-14 

2.22E-20 

2.72E-13 

3.88E-19 

4,06£-11 

5.80E-17 

4.12E-11 

5.89E-17 

6.12E-15 

8.74E-21 

2.14E-13 

3.06E-19 

2.44E-12 

3.488-18 

2.47E-12 

3.53E-18 

1.53E-12 

2.18E-18 

5.94E-12 

8.49E-18 

3.73E-16 

5.32E-22 

3.78E-16 

5.40E-22 

4.26E-16 

6.09E-22 

1.95E-15 

2.7BE-21 

8.66E-14 

1.24E-19 

6.26E-13 

8.94E-19 

1.92E-U 

2.75E-20 

1,95E-14 

2.78E-20 

5.44E-15 

7.77E-21 

5.52E-15 

7.88E-21 

8,30E-15 

1.19E-20 

8.42E-15 

1.2QE-20 

2.36E-10 

3.37E-16 

2.39E-10 

3.42E-16 

8.59E-14 

1.23E-19 

8.72E-U 

1.25E-19 

1.02E-10 

1.45E-16 

1.03E-10 

1.47E-16 

1.02E-10 

1.45E-16 

1.03E-10 

1.47E-16 

3.58E-13 

5.11E-19 

1.01E-11 

1.44E-17 

4.48E-13 

6.40E-19 

1.HE-11 

1.63E-17 

4.86E-13 

6.95E-19 

1.19E-11 

1.70E-17 

1.31E-12 

1.87E-18 

3.39E-11 

4.85E-17 

2.03E-11 

2.90E-17 

2.06E-11 

2.94E-17 

6.21E-13 

8.87E-19 

1.84E-11 

2.63E-17 

3.01E-13 

4.30E-19 

9.02E-12 

1.29E-17 

1.15E-15 

1.64E-21 

1.16e-15 

1.66E-21 

3.10E-13 

4.43E-19 

3.15E-13 

4.49E-19 

1.10E-09 

1.57E-15 

1.12E-09 

1.59E-15 

4.86E-U 

6.94E-20 

4.93E-14 

7.04E-20 

539C/a8D 
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Table  8I>-3 


(continued) 


Swpora 

3.U€-15 

4.92E-21 

3.49E-15 

4.996-21 

T  et  rach  1  orctoenzmw 

1.31E-13 

1.87E-19 

1.33E-13 

1.896-19 

Trichloreben2@m 

6.e9£»U 

9.84E-20 

6,99E-14 

9.986-20 

Ur®§ 

'  1.49E-09 

2,13E-15 

1.51E-09 

2. 166-15 

y&pem 

9.17E-15 

1.31E-20 

9.311-15 

1. 331-20 

INORGANICS 

kmmic 

9.46£-07 

1.35E-12 

9,606-07 

1,371-12 

5.35E-06 

7.65E-12 

5,43E-06 

7,766-12 

1.31E-06 

1.87E-12 

1.33E-06 

1,9C^-12 

B@rytlfyia 

5.48E-08 

7.83E-14 

5,566-08 

7,941-14 

Coppar 

5,02£-03 

7.17E-09 

5.09E-03 

7,286-09 

1.68E-D6 

2.40E-12 

1.71E-06 

2,UE-12 

Marcury 

1.4a€-06 

2.12E-12 

1.506-06 

2,151-12 

Selaniia 

1.37E-02 

1.96E-08 

1,396-02 

1,996-08 

Sf Ivar 

1.42E-04 

2.03E-10 

1,441-04 

2. 066-10 

Thaiiiya 

1.38E-05 

1,971-11 

1.4I^“05 

2.006-11 

s 


Annual  average  soii/dust  ingestion  rate  (KX)  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (70  kg) 
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Table  8D-4 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Worker  Scenario 


. AVERAGE . 

C  toU  EDI 

CALCULATED  ESTIMATED 

COHC  IN  DAILY 

SOIL  INTAKE 

.1M 

•Q/tt 


. MAXIMUM . 

C  aoU  EDI 

CALCULATED  ESTIMATED 

CONC  IN  DAILY 

SOIL  INTAKE 

•IM  MQ/K9/day 

«g/Ks 


ORGANICS 

Acatenitrila 

Aldrin 

Atrazina 

Banzaldahyda 

Banzofuran 

Banzoic  Acid 

Banzonitrila 

Cartaazola 

A-Chlorobiphanyl 

*,A-Chlorobipharyl 

4-Ch  lopophanyliBBthylaulf  ona 

4-Ch  loro^anyla»thylaulfo*ide 

p,p-OOE 

p,p-OOT 

Di banzofuran 

Dialdrin 

Diiaopropyl  Mathylphoaphonata 

1 ,3-DiB»thylbanzana 

Diawthyl  Mathylphoaphonata 

DiMothylphoaphata 

Dioxina/Furana  (EPA  TEFa) 

Dithiana 

Endrin 

Naxachlorobanzana 

Haxachlorocyelopantadiana 

laodrin 

Malathion 

Mathanol 

4-Nitrophanol 

PAHa 

Acanaphthalana 

Acanaphthana 

Banzo<a)pyrana 

Chryaana 

D I banzol a , h )anth racana 
Fluoranthena 
Fluorana 
Phananthrana 
Pyrana 
Parathion 

Pentach  lorobanzane 

Phanol 

Quinoline 


1.49E-12 

1.58E-U 

3.65E-17 

3.24E-10 

6.22E-10 

1.57E-10 

1.49e-15 

2.98E-14 

1.60E-10 

2.36E-12 

1.206*15 

4.47E-15 

4.90E-12 

9,82E-16 

3.11E-11 

3.24E-15 

2.37E-14 

6.22E-11 

9.36E*15 

3.73E-12 

2.34E-12 

5.70E*1d 

6.S2E-16 

1.32E-13 

2.94E-14 

8.32E-15 

1.27E-14 

3.61E-10 

1.31E-13 

1.56E-10 

1.5«-10 

5.47E-13 

6.85E-13 

7.44E-13 

2.01E-12 

3.11E-11 

9.50E-13 

4.60E-13 

1.75E-15 

4.74E-13 

1.686*09 

7.43E*14 


6.57E*19 
6.966*21 
1.61E*23 
1.43e-16 
2.74E*16 
6.916*17 
6.57E*20 
1.31E*20 
7.94E*17 
1.046*18 
5.286*22 
1.97E*21 
2.166*18 
4.32E*22 
1.37E*17 
1 .436*21 
1.05E*20 
2.746*17 
4.126*21 
1.646*18 
1.03E*18 
2.51E*22 
2.87E*22 
5.836*20 
1.296*20 
3.666*21 
5.596*21 
1.596*16 
5.796*20 

6.85E*17 

6.856*17 

2.41E*19 

3.026*19 

3.28E-19 

8.84E*19 

1.37E*17 

4.186*19 

2.03E*19 

7.72E*22 

2.09E*19 

7.41E*16 

3.27E*20 


1.51E*12 

1.606*14 

1.206*15 

3.296*10 

6.316*10 

1.596*10 

1.516*13 

3.036*14 

1.836*10 

2.406*12 

3.156*14 

1.176*13 

2.466*11 

4.936*15 

3.156*11 

3.296*15 

4.166*13 

6.316-11 

3.286*13 

3.786*12 

9.096*12 

5.796*16 

2.986*15 

9.576*13 

2.966*14 

8.UE*15 

1.296*14 

3.666*10 

1.336*13 

1.586*10 

1.586*10 

1.546*11 

1.75E*11 

1.826*11 

5.196*11 

3.156*11 

2.826*11 

1.386*11 

1.786-15 

4.81E-13 

1.716*09 

7.546*14 


6.67H- 

19 

7.06i-: 

21 

5.27E- 

22 

1.45E- 

16 

2.78E- 

16 

7.01E- 

17 

6.67E- 

20 

1.33E- 

20 

8.06E- 

17 

1.06E- 

16 

U39E- 

20 

5.16E- 

20 

1.08E- 

17 

2.17E- 

21 

1.39E- 

-17 

1.45E- 

■21 

1.&3E- 

-19 

2.78E- 

•17 

1.44E‘ 

-19 

1.67E- 

-18 

4.00E- 

-18 

2.55E 

•22 

1.31E- 

-21 

4.21E' 

-19 

1.31E 

•20 

3.72E 

-21 

5.67E 

-21 

1.61E 

-16 

5. ATE 

-20 

6.95E 

-17 

6.95E 

-17 

6.79E 

-18 

7.71E 

-18 

S.03E 

-18 

2.28E 

-17 

1.39E 

-17 

1.246*17 

6.086*18 

7.836*22 

2.126*19 

7.526*16 

3.326*20 
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Table  8D«4 


(continued) 


Supon^ 

T  e t  rich  I  orcbem®f» 
T  r  i  eii  i  orebsmcmt 
Ur®a 


lumuuics 

AntiaoHy 

Ari®nic 

BariiA 

0®rylHya 

Cop^r 

L®®d 

^rcuty 

Si lv@r 

Thailiy^ 


5.26e-15 

2.32E-21 

2.00E-13 

8.81E-20 

1.05E-13 

4.64E-20 

2.28E-09 

1.cm€-15 

1.A0€-U 

6.1^-21 

1.45E-06 

6.37E-13 

8.19E-06 

3.81E-12 

2.01E-06 

8.84E-13 

S.3aE-08 

3.89E-14 

7.68E-03 

3,3aE-09 

2.57E-06 

1.13E-12 

2.27E-06 

9.96E-13 

2.1<«-02 

9.25E-09 

2.18E-04 

9.59E-11 

2.11E-05 

9.31E-12 

5.34E-15 

2.3SE-21 

2,03E-13 

8-94E-20 

1.07E-13 

4,71E-20 

2.31E-09 

1.CI2E-15 

1.42E-U 

6,271-21 

1.47E-W 

6,471-13 

8.31E-06 

3.66E-12 

2.CHE-06 

8-96E-13 

a.5(^-08 

3,741-14 

7,7^-03 

3.43E-09 

2.61E«06 

1.15E-12 

2-3t^-06 

1,01E-12 

2.13E-02 

9,391-09 

2.21E-04 

9.73E-11 

2,15E“05 

9.45E-12 

Annual  average  soil/dust  ingestion  rate  (50  mg/day) 
Exposure  frequency  (225  days/year) 

Body  weight  (70  kg) 
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Table  8D-5 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Child,  Resident'A  Scenario 


ORGANICS 

Actttonitrile 

AldPin 

Atrazint 

BanzalcMyda 

Banzofuran 

Banzoic  Acid 

Benzonitrila 

Carbazola 

4-Chlorobiphanyl 

4 , 4  -  Ch  I  ©poto  i  phany  I 

4-ChlQPOphanylwthylaulfofta 

4-ChloPo^anylB»thylaulf  oxide 

PrP-WE 

p,p-DOT 
Oi  banzofuran 
Oialdrin 

Oi  isopropyl  Itethylphosphonate 

1 ,3-Diwthylbanzafie 

Diatathyl  Ptethylpbosphonate 

OiMethylpbosphata 

Oioxina/Fuparw  <EPA  TEFs) 

Oithiana 

Endrin 

Naxscbiorobanzana 

Haxaeh  I  orocyc  i  opent  ad  i  ana 

laodrin 

Malathion 

Methanol 

4-Mitrophanol 

PAHS 

Acanaphthalana 

Acana^thane 

Banzo(a)pyrana 

Chpysana 

0  i  banzo(  a ,  h  )anthracana 
Fluoranthana 
Fluorana 
Phananthrana 
Pyrene 
Parathion 
Pantach  lopobanzena 
Phenol 
Quinoline 


AVERAGE . MAXIIMi 


C  soil 

EDI 

C  soil 

EDI 

CAUCULATED 

ESTIMATED 

CALCUUTED 

ESTIMATED 

CONC  IN 

DAILY 

CONC  IN 

DAILY 

SOIL 

INTAIC6 

SOIL 

INTAJCE 

.1M 

t«/Kg/i^ 

.1M 

ns/Kg/day 

ng/Kfl 

MO/Ko 

1.14E-12 

1.476-17 

1.156-12 

1.496-17 

1.21E-14 

1.56E-19 

1.226-14 

1.586-19 

2.78E-17 

3.596-22 

9.146-16 

1.186-20 

2.47E-10 

3.196-15 

2.516-10 

3.236-15 

4.74E-10 

6.12E-15 

4.816-10 

6.216-15 

1.206-10 

1.54E-15 

1.216-10 

1.576-15 

1.14E-13 

1.476-18 

1.156-13 

1.49E-18 

2.286-14 

2.946-19 

2.316-14 

2.986-19 

1.38E-10 

1.776-15 

1.406-10 

1.806-15 

1.80E-12 

2.32E-17 

1.836-12 

2.366-17 

9.15E-16 

1.18E-20 

2.406-14 

3.106-19 

3.41E-15 

4.406-20 

8.94E-14 

1.156-18 

3. 746-12 

4.836-17 

1.886-11 

2.426-16 

7.49E-16 

9.676-21 

3.76E-15 

4.856-20 

2.37E-11 

3.066-16 

2.406-11 

3.106-16 

2.47E-15 

3.196-20 

2.516-15 

3.246-20 

1.816-14 

2.346-19 

3.176-13 

4.096-18 

4.74E-11 

6.126-16 

4.816-11 

6.216-16 

7.146-15 

9.21E-20 

2.506-13 

3.226-18 

2.84E-12 

3.676-17 

2.886-12 

3.72E-17 

1.786-12 

2.306-17 

6.936-12 

8.956-17 

4.35E-16 

5.616-21 

4.416-16 

5.696-21 

4.97E-16 

6.426-21 

2.276-15 

2.936-20 

1.01E-13 

1.306-18 

7.306-13 

9.42E-18 

2.246-14 

2.896-19 

2.276-14 

2.93E-19 

6.34E-15 

8.186-20 

6.44E-15 

8.306-20 

9.686-15 

1.25E-19 

9.826-15 

1.276-19 

2.756-10 

3.556-15 

2.796-10 

3.606-15 

1.00E-13 

1.296-18 

1.026-13 

1.31E-18 

1. 196-10 

1.536-15 

1.206-10 

1.556-15 

1.196-10 

1.536-15 

1.206-10 

1.556-15 

4.176-13 

5.386-18 

1.186-11 

1.526-16 

5.236-13 

6.756-18 

1. 336-11 

1.726-16 

5.676-13 

7.32E-18 

1.396-11 

1.796-16 

1.536-12 

1.976-17 

3.966-11 

5.11E-16 

2.376-11 

3.066-16 

2.406-11 

3.106-16 

7.24E-13 

9.346-18 

2.156-11 

2.786-16 

3.516-13 

4.536-18 

1.056-11 

1,366-16 

1.346-15 

1.726-20 

1.366-15 

1.756-20 

3.626-13 

4.676-18 

3.67E-13 

4.736-18 

1.286-09 

1.666-14 

1.306-09 

1.686-14 

5.676-14 

7.316-19 

5.756-14 

7.426-19 

539C/a8D 
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Table  8D°5 


(continued) 


I  ifll  I 


let  r®di  I  orob®n2®r» 

Tridiior©fc«sm®m 

Urm 

IHOSGAtUCS 
Antimony 
Arsanic 
BariuB 
B«ryl  liu* 

Co^r 

Lead 

mercury 

Selenium 

Si tver 

ThelUkS 


4.01E-15 

1.53E-13 

8.WE-14 

1.74E-09 

1.07E-14 


1.10E-06 

6.2SE*06 

1.53E-06 

6.39E-08 

5.86E-03 

1.96E-06 

1.73E-06 

1.60e-02 

1.66E-04 

1.61E-05 


5.18E-20 

1.97E-18 

1.04E-18 

2.24E-14 

1.38E-19 


1.42B-11 

8.06E-11 

1.97E-11 

8.25E-13 

7.56€*08 

2.53E-11 

2.23E-11 

2.07E-07 

2.14E-09 

2.08E-10 


4.07E-15 

1.55E-13 

8.15E-14 

1.76E-09 

1.09E-14 


1.12E-06 

6.34E-06 

1.55E-06 

6.48E-08 

5.94E-03 

1.996-06 

1.75E-06 

1.63E-02 

1.6a£-04 

1.64E-05 


5.25E-20 

2.00E-18 

1.05E-18 

2.28E-14 

1.406-19 


1.45E-11 

8.18E-11 

2.00E-11 

8.376-13 

7.67E-08 

2.576-11 

2.266-11 

2.106-07 

2.176-09 

2.11E-10 
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Annual  average  soil/dust  ingestion  rate  (200  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (15.5  kg) 


539C/agD 


8D-10 


12/31/90 


Table  8D-6 


i 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Child,  Resident'B  Scenario 


. AVERAGE . 

C  soil  EDI 

CALCULATED  ESTIMATED 

CONC  IN  DAILY 

SOIL  INTAKE 

.1M  «8/K0/d«y 

nO/KS 


. MAXIMUM . 

C  sol  I  EDI 

CALCULATED  ESTIMATED 

CONC  IN  DAILY 

SOIL  INTAKE 

.1M  ns/Ko/day 

ne/K0 


ONGANICS 

Acstonitrils 

Aldrin 

Atrazins 

aarualdahy^ 

Banzofuran 

Benzoic  Acid 

Banzonitri  le 

Cartoazoie 

4-Chlorobiph«nyl 

4,4-Chlorobi  phenyl 

4  -  Ch  I  oropheny  l«ethy  I  sul  f  one 

4-Chlorophenyl»athyls4ilfoRida 

PrP-W>E 

p,p-OOT 

Dibenzofuran 

Dieldrin 

Di isopropyl  Methyl phosphonete 

1,3-0iBethylP8nzene 

Dis»thyl  Methylphoaphonate 

Diwethylphosphate 

Dioxins/Furans  (EPA  TEFs) 

Dithiane 

Endrin 

Nexach  lorobenzene 

Mexach  I  orocyc  I  opantadi  ene 

Isodrin 

Malathion 

Methanol 

4-Nitrephanol 

PAHS 

Acenaphthalene 

Acenaphthene 

Benzo<a)pyram 

Chrysene 

0  i  banzo<  a ,  h  )anthpacene 
Fluoranthene 
Fluorena 
Phenanthrene 
Pyrene 
Parathion 
Pentach  lorobenzana 
Phenol 
Quinoline 


1.65E- 

12 

2.12E-ir 

1.74E- 

14 

2.25E-19 

4.03E- 

17 

5.19E-22 

3.57E- 

10 

4.61E-15 

6.85E- 

10 

8.54E-15 

1,73E- 

10 

2.23E-15 

1.65E- 

13 

2.12E-18 

3.29E- 

14 

4.25E-19 

1.99E- 

10 

2.57E-15 

2.60E- 

12 

3.36E-17 

1.32E- 

15 

1.71E-20 

4.92E- 

15 

6.3SE-20 

5,41E- 

12 

6.98E-17 

I.OfiE- 

15 

1.40E-20 

3.42E- 

11 

4.42E-16 

3.58E- 

15 

4.62E-20 

2.62E* 

14 

3.38E-19 

6.85E- 

11 

8.84E-16 

1,03E- 

14 

1.33E-19 

4.11E- 

12 

5.30E-17 

2.58E- 

•12 

3.32E-17 

6.29E- 

•16 

8.11E-21 

7.19E- 

•16 

9.27E-21 

1.46E* 

•13 

1.89E-18 

Ul 

in 

■14 

4.18E-19 

9.17E- 

•15 

1.18E-19 

1.40E‘ 

-14 

1.81E-19 

3.96E 

-10 

5.13E-15 

1.43E< 

-13 

1.87E-18 

1.72E 

-10 

2.21E-15 

1.72E 

•10 

2.21E-15 

6.03E 

-13 

7.78E-18 

7.55E 

-13 

9.75E-18 

8,20E 

-13 

1.068-17 

2.21E 

-12 

2.85E-17 

3.42E 

-11 

4.42E-16 

1.05E 

-12 

1 .35E-17 

5.07E 

-13 

6.55E-18 

1.93E 

-15 

2.49E-20 

5.23E 

-13 

6.75E-18 

1.&6E 

-09 

2.39E-14 

B.19E 

-14 

1.06E-18 

1.67E-12 

2.15E-17 

1.77E-14 

2.288-19 

1.32E-15 

1.70E-20 

3.62E-10 

4.67E-15 

6.95E-10 

8.97E-15 

1.75E-10 

2.268-15 

1.67E-13 

2.15E-18 

3.34E-14 

4.31E-19 

2.02E-10 

2.608-15 

2.64E-12 

3.41E-17 

3.47E-14 

4.48E-19 

1.29E-13 

1.67E-18 

2.72E-11 

3.50E-16 

5.44E-15 

7.02E-20 

3.47E-11 

4.48E-16 

3.63E-15 

4.68E-20 

4.588-13 

5.91E-18 

6.958-11 

8.97E-16 

3.61E-13 

4.668-18 

4.17E-12 

5.38E-17 

1.008-11 

1.29E-16 

6.388-16 

8.238-21 

3.288-15 

4.24E-20 

1.068-12 

1.368-17 

3.29E-14 

4.24E-19 

9.308-15 

1.208-19 

1.42E-14 

1.83E-19 

4.038-10 

5.20E-15 

1.47E-13 

1.90E-18 

1.748-10 

2.25E-15 

1.74E-10 

2.25E-15 

1.708-11 

2.19E-16 

1.93E-11 

2.49E-16 

2.018-11 

2.59E-16 

5.72E-11 

7.388-16 

3.47E-11 

4.48E-16 

3.11E-11 

4.01E-16 

1.52E-11 

1.968-16 

1.968-15 

2.53E-20 

5.31E-13 

6. 858-18 

1.88E-09 

2.43E-14 

8.31E-14 

1.07E-18 
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Table  8D<4 


(continued) 


5.80€-15 

7,496-20 

5.896-15 

7.60€-20 

T  ®t  1  orcb®n2€ifw 

2.21E-13 

2.856-18 

2.246-13 

2.S9E-18 

1,166-13 

1.5CS-18 

1.186-13 

1.52E-18 

Upm 

'  2.516-09 

3.246-14 

2.556-^ 

3.29e-14 

Vjipona 

1. 556-14 

2.006-19 

1,576-14 

2.03E-19 

IMOISAMICS  _ 

1.6(^-06 

2.066-11 

1.626-06 

2.095*11 

Arsunic 

9.036-06 

1.176-10 

9.166-06 

i.iae-io 

SsrliA 

2. 216-06 

2.856-11 

2.246-06 

2.f0£-11 

©®pyl  Hub 

9,246-08 

1.196-12 

9.376-08 

1.21E-12 

f* 

L®€tj 

8,476-03 

1.096-07 

8,596-03 

1.11E-07 

2.846-06 

3.666-11 

2.8^-C^ 

3.71E-11 

W®rcury 

2.506-06 

3.226-11 

2.546-06 

3.27E-11 

2,326-02 

2.996-07 

2.356-02 

3.03E-07 

Si  iwp 

2,406-04 

3.106-09 

2.446-04 

3.UE-09 

ThailiuB 

2,336-05 

3.016-10 

2.366-05 

3.05E-10 

I 


Annual  average  soil/dust  ingestion  rate  (2(X)  mg/day) 
Exposure  frequency  (365  days /year) 

Body  weight  (15.5  kg) 
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Table  8D-7 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Child,  Farmer  Scenario 


. AVERAGe . 

C  SOU  EDI 

CALCULATED  ESTINATEO 

COMC  IK  daily 

SOIL  INTAKE 

.in  ■9/K8/doy 

■0/Kfl 


. MAXItW . 

C  SOU  EDI 

CALCULATED  ESTIMATED 

cone  IN  DAILY 

SOIL  INTAKE 

.in  nO/No/d^ 

tU/Ks 


ORGAMICS 

AestooitrUe 

AldPin 

Atrszins 

Bsnzsldshyde 

Bsniofursn 

Bonzoic  Acid 

BsnzonItrUs 

Carbszols 

*-ChloPobiphonyl 

*,*-Chlorobiphcnyl 

4-Chlorophsnyl«sthylsulfom 

4-Ch lorophonylBothylsulf oxids 


p.p-DOE 

PrP-DOT 

Dibanzofursn 

Disldrln 

Oi isopropyl  Mothylphosphonste 

1,3-0is»thylbsnzons 

Oiissthyl  Msthylphosphonsts 

Diwsthylphosphsto 

Oioxins/fupsns  (EPA  TEFs) 

Oithiano 

Endrin 

Msxsehlopobofwsno 
Hsxsch I orocyc I opsntsd i sns 


Isodrin 

nslsthion 

Hothsnol 

4-nitrophonol 

PAHS 

Aconsptithslsns 

Aconophthons 

B«nzo(a)pyrsns 

Chrysono 

D i bsnzol s , h )anth r scans 
Fluor  anthana 
Fluorano 
PtMnanthrans 
Pyrana 
Psrathion 
Pantachlorobanzana 


PHanol 

Ouinolina 


9.75E-13 

1.03E-14 

2.39E-17 

2.12E-10 

4.06E-10 

1.03E-10 

9.r5E-14 

1.95E-14 

1.18E-10 

1.54E-12 

7.84E-16 

2,92E-15 

3.21E-12 

6.42E-16 

2.03E-11 

2.12E-15 

1.55E-14 

4.06E-11 

6.12E-15 

2.UE-12 

1.53E-12 

3.73E-16 

4.26E-16 

8.66E-U 

1.92E-U 

5.44E-15 

8.30E-15 

2.36E-10 

8.59E-U 

1.02E-10 

1-02E-10 

3.58e*13 

4.486-13 

4.86E-13 

1.31E-12 

2.03E-11 

6.21E-13 

3.01E-13 

1.15E-15 

3.10E-13 

1.10E-09 

4.86E-U 


1.266- 17 

1.336-19 
3.086-22 
2.73E-15 

5.246- 15 
1. 326-15 

1.266- 18 
2.52E-19 
1,52E-15 
1.99E-17 
1.016-20 
3.77E-20 

4.146- 17 

8.286-21 
2.62E-16 
2.746-20 
2.006-19 

5.246- 16 
7.89E-20 

3.146- 17 
1.97E-17 
4.816-21 
5.506-21 
1.12E-18 

2.486-19 
7.026-20 
1.07E-19 
3.046-15 
1.116-18 

1.316-15 

1.316-15 

4.616-18 

5.786-18 

6.27E-18 

1.696-17 

2.62E-16 

8.01E-18 

3.886-18 

1.486-20 

4.006-18 

1.42E-14 

6.27E-19 


9.89E-13 

1.056-14 

7.836-16 

2.15E-10 

4.12E-10 

1.04E-10 

9.89E-14 

1.986-14 

1.20E-10 

1.57E-12 

2.066-14 

7.666-14 

1.61E-11 

3.22E-15 

2.066-11 

2.156-15 

2.72E-13 

4.12E-11 

2.146-13 

2.47E-12 

5.946-12 

3.786-16 

1.95E-15 

6.266-13 

1.956-14 

5.52E-15 

8.42E-15 

2.39E-10 

8.72E-14 

1.036-10 

1.036-10 

1.01E-11 

1.146-11 

1.196-11 

3.39E-11 

2.066-11 

1.84E-11 

9.02E-12 

1.166-15 

3.15E-13 

1.12E-09 

4.936-14 


1.286- 17 
1.356-19 
1.01E-20 
2.77E-15 
5.32E-15 
1.34E-15 

1.286- 18 
2.556-19 
1.546-15 
2.02E-17 

2.666- 19 
9.89E-19 
2.08E-16 

4.166-20 

2.666- 16 

2.786-20 
3.51E-18 
5.32E-16 
2.766-18 
3.196-17 
7.67E-17 
4.886-21 
2.516-20 
8.07E-18 
2.52E-19 
7.12E-20 
1.09E-19 
3.09E-15 
1.12E-18 

1.336-15 

1.336-15 

1.306-16 

1.486-16 

1.546-16 

4.386- 16 

2.666-16 

2.386- 16 

1.166-16 
1.506-20 
4.066-18 
1.446-14 
6.366-19 
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Table  8D-7 


(continued) 


Tdtraeh  lof 

T  p  i  di  I  oreb®fis«w 

UP@a 

Vafsm 


3.44E-15 

1.31E-15 

6.89E-U 

1.49E-09 

9.17E-15 


4.UE-20 

1.69e*18 

8.89E-19 

1.92E-H 

1.18E-19 


3.49E-15 

1.33E-13 

6.99E-14 

1.51E-09 

9.31E-15 


4.50E-20 

1.71E-18 

9.02E-19 

1.95E-W 

1.20E-19 


IIKKGA^iCS 

AnDwic 

BariiA 

i«ryll{(C9 

Cep»r 

M«f«ury 

Si Ivar 
TtMlliUB 


9.46E-07 

5.35E-06 

‘I.31E-06 

5.48E-08 

5.02E*tl3 

1.6a£-06 

1.48E-(tt 

1.37E-02 

1,42E-04 

1.38E-05 


1.22E-11 

6.91E-11 

1.69E-11 

7.07E-13 

6.48E-08 

2.17E-11 

1.91E-11 

1.77E-07 

1.84E-09 

1.7K-10 


9,60E-07 
5.43E-06 
1.33E-06 
5.56E-08 
5.09E-03 
1.71E-06 
1.5(^-06 
1.39E-02 
1  44£*04 
r.40£-05 


1.24E-11 

7.01E*11 

1.72E-11 

7.17E-13 

6.57E-08 

2.20E-11 

1.94E-11 

1.80E-07 

1.86E-09 

1.81E-10 


Annual  average  soil/dust  ingestion  rate  (2(X)  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (15.5  kg) 
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APPENDIX  8E 

CALCULATION  OF  THE  ESTIMATED  DAILY  INTAKE 
FOR  THE  FISH  INGESTION  ROUTC  OF  EXPOSURE 
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APPENDIX  8E 


CALCULATION  OF  THE  ESTIMATED  DAILY  INTAKE 
FOR  THE  FISH  INGESTION  ROUTE  OF  EXPOSURE 


The  accumulation  of  substances  in  fish  tissue  involves  the  processes  of  bioconcentration  and 
biomagnification.  The  bioconcentration  of  pollutants  generally  refers  to  the  uptake  of 
pollutants  from  water,  primarily  through  passive  transport  across  the  gill  membrane.  Thus, 
the  bioconcentration  factor  (BCF)  describes  the  equilibrium  between  the  pollutant 
concentration  in  the  fish  tissue  and  the  pollut^t  concentration  in  the  water. 
Bioaccumulation  is  similar  to  bioconcentration,  however,  bioaccumulation  is  a  broader  term 
that  describes  the  uptake  from  both  food  and  wat^r  (aar^et  al.,  1988).  Biomagnification 
takes  into  account  the  relationship  between  th||Mluji^t  concentration  in  the  fish  tissue  and 
the  trophic  transfer  of  pollutants.  Thus,  biorni^^cation  refers  to  the  accumulation  of 
pollutants  due  -to  uptake  of  food  througb^i|p4,jJiEn.  Few  data  are  presently  available 
to  verify  pollutant  uptake  specific  to  biqmag^i^tioh.  Current  investigations  are  attempting 
to  address  the  contribution  of  b8fimag^||cadpn  to  total  bioaccumulation  (Connoly  and 

Pedersen,  1988;  McKay  ‘  .  •  "  ’  -  ’  ’ 

speculative. 


Most  of  the  results  are  highly 


Tissue  pollutant  concentrationsll^  until  the  rate  of  excretion  is  equal  to  the  rate  of 
uptake  (i.e.,  a  state  of  equilibrium  is  reached).  At  such  a  time,  the  body  burden  (fish  tissue 
concentration)  may  be  many  times  the  concentration  in  the  water.  The  BCF  represents  the 
ratio  of  pollutant  concentration  in  tissue  to  the  pollutant  level  in  water  at  equilibrium. 


BCFs  were  obtained  for  the  pollutants  of  concern  using  the  following  procedure: 


The  first  step  was  to  use  BCFs  currently  recognized  by  the  Environmental 
Protection  Agency  (EPA)  for  those  pollutants  of  concern  where  available 
(EPA,  1989,  1987,  1986). 

If  a  BCF  was  not  available  through  the  EPA,  additional  sources  (Verschueren, 
1983;  and  Lyman  et  al.,  1982)  were  searched  for  BCFs. 
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For  those  organic  chemicals  for  which  no  BCF  was  found,  a  BCF  was 
calculated  from  the  octanol-water  partition  coefficient  (K^a,)  and  the  soil 
adsorption  coefficient  (K^^),  where  possible,  using  the  following  equations 
obtained  from  Lyman  et  al.  (1982): 

log  BCF  =  0.76  log  -  0.23 

log  BCF  =  1.119  log  ^  -  1.579 

Where  a  BCF  was  able  to  be  calculated  from  both  a  and  a  the  most 
conservative  value  (the  highest  BCF)  was  chosen  for  the  pollutant.  The 
specified  input  range  for  and  in  the  regression  equations  is  7.9  to  8.1 
X  10^  mL/g  and  <  1  to  1.2  x  10^  mL/g,  respectively.  If  a  for  a  particular 
chemical  was  below  the  input  range  (7.9)  and  no  other  alternative  existed  for 
deriving  a  BCF,  7.9  was  used  to  derive  a  . conservative  estimate  of  the  BCF. 


There  was  one  organic  compound  (dimethyl  phosphate)  .and  eleven  metals  (aluminum, 
barium,  boron,  iron,  lithium,  magnesium,  j^iyb^lnum,  strontium,  tin,  titanium,  and 
yittrium)  for  which  BCFs  were  not  available' =i^|cpuld  not  be  derived.  However,  the 
contribution  of  fish  ingestion  to  the  tota1|®^jhb|!S^mc  risk  varies  from  less  than  1  percent 
to  1.2  percent  for  the  various  scenarios,  IfiiipSiition,  the  hazard  index  ranges  from  5  to  6 
orders  of  magnitude  below  one.  .^'erep^i-pylh  if  the  BCFs  for  these  chemicals  are  high, 
it  is  anticipated  that  their  cotitribuf^ljo  risk  would  be  minimal. 

A  summary  of  the  BCFs  usedfoi  the  pollutants  of  concern  is  presented  in  Table  8E-1.  This 
table  also  presents  where  the  BC^S  were  obtained  or  how  they  were  derived. 


At  best,  BCFs  are  approximations  made  through  laboratory  experiments,  field  studies, 
correlations  with  physico-chemical  factors  such  as  octanol/water  partition  coefficients,  and 
models  based  on  pollutant  biokinetics  coupled  with  fish  metabolism  (EPA,  1986).  Normally, 
bioconcentration  studies  determine  the  average  pollutant  uptake  as  a  function  of  the  entire 
fish.  However,  for  the  evaluation  of  human  exposure,  consumption  is  generally  restricted 
to  the  edible  portion  of  the  fish  (i.e.,  with  head,  tail,  and  visceral  mass  removed).  For  this 
assessment,  consumption  of  filleted  fish  was  assumed. 
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Table  8E-1 


Bioconcentration  Factors  (BCFs)  Used  for  the  Pollutants  of  Concern 


Pollutant 

BCF  (L/kg) 

Derivation® 

References 

ORGANICS 

Acetonitrile 

0.06 

OR 

EPA,  1986 

Aldrin 

28 

OR 

EPA,  1986 

Atrazine 

0 

OR 

EPA,  1987 

Benzaldehyde 

8 

log  (1.48) 

Verschueren,  1983 

Benzofuran 

63 

log  (2.67) 

Verschueren,  1983 

Benzoic  Acid 

15.5 

log  jC.  (l-S^) 

Verschueren,  1983 

Benzonitrile 

9 

lopK^  (1-56) 

Verschueren,  1983 

Carbazole 

186 

,JirK«  (3.29) 

Verschueren,  1983 

4-Chlorobiphenyl 

590 

.ii:;;oR 

EPA,  1987 

4,4-Chlorobiphenyl 

215 

f-  OR 

EPA,  1987 

4-Chlorophenylmethylsulfone 

6 

(1.26) 

Ebasco,  1990 

4-Chlorophenylinethylsulfoxide 

6 

"ilog  (1-33) 

Ebasco,  1990 

p,p-DDE 

5i,oaiiiiH|:u= 

..  ^ 

EPA,  1986 

p,p-DDT 

54,0061|,‘"1 

IfflDR 

EPA,  1986 

Dibenzofuran 

log  K„  (4.12) 

HSDB,  1990 

Dieldrin 

OR 

EPA,  1987 

Diisopropyl  Methylphosphonaiiiii::;,,;®ij'Hl^r 

log  K„  (1.73) 

Ebasco,  1990 

1 ,3 -Dimethylbenzene 

log  K„  (3J20) 

Verschueren,  1983 

Dimethyl  MethylphosphoiiiilPi 

log  (0.9)'’ 

Lyman,  et  al.,  1982 

Dimethylphosphate 

■^^liNTA 

— 

— 

Dioxins/Furans  (EPA  TElf),;;, 

.::if,000 

OR 

EPA,  1986 

Dithiane 

2.8 

log  (0.9)^- 

Lyman  et  al.,  1982 

Endrin 

680 

OR 

EPA,  1987 

Hexachlorobenzene 

8,690 

OR 

EPA,  1986 

Hexachlorocyclopentadiene 

488 

OR 

EPA,  1987 

Isodrin 

52,000 

log  (6.51) 

Ebasco,  1990 

Malathion 

0 

OR 

EPA,  1987 

Methanol 

2.8 

log  (0.9)*’ 

Lyman  et  al.,  1982 

4-Nitrophenol 

96 

log  (2.91) 

EPA,  1989 

PAHs 

Acenaphthalene 

730 

log  (4.07) 

EPA,  1986 

Acenaphthene 

242 

OR 

EPA,  1986 

Benzo(a)pyrene 

930 

OR 

EPA,  1987 

Chrysene 

23,000 

(2.0E+05) 

EPA,  1986 

Dibenzo(a,h)anthracene 

520,000 

(3.3E+06) 

EPA,  1986 

8E-3 
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Table  8E-1 
(continued) 


BCF  (L/kg) 

Derivation^ 

Fluorene 

1,300 

OR 

EPA,  1986 

Phenanthrene 

2,630 

OR 

EPA,  1986 

Pyrene 

5,100 

log  (5.18) 

EPA,  1986 

Parathion 

335 

OR 

EPA,  1987 

Phenol 

1.4 

OR 

EPA,  1986 

Quinoline 

21 

log  (2.03) 

Verschueren,  1983 

Supona 

136 

log  (3.11) 

Ebasco,  1990 

Trichlorobenzene 

991 

OR' 

EPA,  1987 

Urea 

2.8 

log  K..  (0.9)'' 

Lyman  et  al.,  1982 

Vapona 

7.0 

Ebasco,  1990 

INORGANICS 

Aluminum 

NTA  C 

Arsenic 

350 

••-.DR 

EPA,  1989 

Barium 

NTjiiia, 

Beryllium 

i9mi:.  "i 

iipR 

EPA,  1986 

Boron 

.mA  w 

_ 

— 

Cadmium 

OR 

EPA,  1979 

Chromium  (VI) 

OR 

EPA,  1986 

Cobalt 

OR 

Lyman  et  al.,  1982 

Copper 

OR 

EPA,  1989 

Iron 

.NTA 

— 

Lead 

=:••  180 

OR 

EPA,  1989 

Lithium 

■'•’NTA 

— 

Magnesium 

NTA 

— 

Molybdenum 

NTA 

— 

Selenium 

16 

OR 

EPA,  1986 

Silver 

3,080. 

OR 

EPA,  1979 

}  Strontium 

NTA 

Tin 

NTA 

— 

... 

Titanium 

NTA 

... 

Vanadium 

10 

OR 

Lyman,  et  al.,  1982 

Yttrium 

NTA 

— 

— 

Zinc 

578 

OR 

EPA,  1989 
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Table  8E-1 
(continued) 


-  Soil  adsorption  coefficient 

-  Octanol-water  partition  coefficient 

-  Not  available 

OR  -  BCF  obtained  directly  from  reference 

“K  a  BCF  could  not  be  obtained  from  the  EPA  (1989,  1987,  1986)  or  other  reference 
documents  (Lyman,  et  al.,  1982;  Verschueren,  1983),  a  BCF  was  calculated,  where 
appropriate,  using  values  listed  in  this  column  as  described  in  this  appendix. 

'’Based  on  lower  limitations  of  the  regression  equ^t^m 

Tbe  average  of  the  BCFs  for  two  tricholobenzejfipS  -  .182  (l,2i4-trichlorobenzene),  and  1800 


8E-5 
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The  pollutants  present  in  the  fish  tissue  are  concentrated  in  lipids  (fatty  materials)  found 
in  those  tissues.  Thus,  pollutant  levels  within  the  tissue  are  directly  related  to  lipid 
concentration.  A  fillet  hpid  content  of  10  percent  was  used  to  calculate  adult  and  child 
estimated  daily  intakes. 

Table  8E-2  presents  the  surface  water  contaminant  concentrations,  BCFs,  and  adult  and 
child  estimated  daily  intakes  for  the  fish  ingestion  pathway. 
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Table  8E^2 


539C/a8E 


Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Fish  Ingestion  Route  of  Exposure 
Adult  and  Child  •  Resident-A,  Resident-B,  and  Farmer  Scenarios 


ORGANICS 

Acetom'tri  le 

Aldrin 

Atrazinc 

Bcnzaldehytie 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4-Chlorobiphenyl 

4,4-Chloroblphenyl 

4-ChlorophenylHiethylaulfone 

4  -  Ch  I  or  opheny  I  (Be  thy  1 8U I  f  ox  1  dc 

p,p-D0E 

p,p-D0T 

Di benzofuran 

Oieldrin 

Di isopropyl  Wethylphosphonate 
1 ,3-Di(Bethylbenzene 
Dimethyl  Kethylphosphonate 
Di  (Be  thy  I  phosphate 
Dioxins/Furans  (EPA  TEFs) 
Dithiane 
Endrin 

Hexachlorobenzenc 

Hexach I orocyc I opentad i ene 

Isodrin 

Malathion 

Methartol 

4-Nitrophenol 

PAHS 

Acenaphthalene 
Acena^thene 
BenzoC  a)  pyrene 
Chrysene 

D i benzo< a , h )ant h racene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Phenol 
Quinoline 
Supona 

Trichlorobenzene 

Urea 

Vapona 


SURFACE 

WATER 

BIO.  CONC. 

CONCENTRAT. 

FACTOR 

mg/L 

2.03E-15 

0.06 

1.08E-18 

28 

2.31E-18 

0 

4.17E-13 

8 

4.58E-13 

63 

1.87E-13 

15.5 

1.90E-16 

9 

9.91E-18 

186 

1.37E-14 

590 

1.65E-16 

215 

7.11E-17 

6 

2.62E-16 

6 

1.80E-15 

51000 

3.56E-19 

54000 

3.58e-15 

796.5 

2.22E-19 

5800 

6.76E-16 

12 

2.35E-14 

159 

1.59E-U 

2.8 

5-07E-15 

6.4a£-16 

5000 

7.68E-19 

2.8 

2.68E-19 

680 

7.33E-17 

8690 

2.06E-18 

488 

5.68E-19 

52000 

7.30E-18 

0 

4.91E-13 

2.8 

7,37E-17 

96 

1.88E-14 

730 

2,20E-14 

242 

1.96E-15 

930 

2.01E-15 

23000 

1.99E-15 

520000 

2.93E-15 

1300 

4.87E-15 

2630 

2.06E-15 

5100 

2.82E-19 

335 

2.17E-12 

1.4 

8.42E-17 

21 

2.26E-18 

136 

1.40E-17 

991 

3.10E-12 

2.8 

1.82E-17 

7.0 

ADULT 

CHILD 

ESTIMATED 

ESTIMATED 

DAILY 

DAILY 

INTAKE 

INTAKE 

mg/kg/day 

mg/kg/day 

8.42E-22 

1.906-21 

2.08E-22 

4.71E-22 

O.OOE^OO 

0.006^00 

2.31E-17 

5.21E-17 

1.99E-16 

4.506-16 

2.01E-17 

4.53E-17 

1.186-20 

2.67E-20 

1.27E-20 

2.886-20 

5.60E-17 

1.266-16 

2.45E-19 

5.536-19 

2.95E-21 

6.666-21 

1.09E-20 

2.45E-20 

6.36E-16 

1.446-15 

1.33E-19 

3.006-19 

1.97E-17 

4.45E-17 

8.91E-21 

2.0TE-20 

5.61E-20 

1.276-19 

2.58E-17 

5.846-17 

3.07E-19 

6.94E-19 

2.24E-17 

5.066-17 

1.49E-23 

3.366-23 

1.266-21 

2.84E-21 

4.41E-18 

9.956-18 

6.95E-21 

1. 576-20 

2.04E-19 

4.61E-19 

O.OOE^ 

0.0064>00 

9.506-18 

2. 156-17 

4.89E-20 

1.106-19 

9.496-17 

2.14E-16 

3.686-17 

8.31E-17 

1.266-17 

2.85E-17 

3.196-16 

7.21E-16 

7.166-15 

1.62E-14 

2.64E-17 

5.95E-17 

8.866-17 

2.006-16 

7.27E-17 

1.64E-16 

6.54E-22 

1.486-21 

2.106-17 

4.75E-17 

1.22E-20 

2.766-20 

2.13E-21 

4.806-21 

9.566-20 

2.166-19 

6.01E-17 

1.366-16 

8.82E-22 

1.996-21 
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Table  SE-2 
(continued) 


IMCmCANICS 


3.10E-09 

Arsenic 

6,16€-10 

350 

1.49E-11 

3.37E-11 

Sarii^ 

,  1.40E-10 

Beryllium 

5.84E-12 

19 

7,67E«>15 

1 ,731-14 

Boren 

4.60E-09 

Ca^ium 

1.68E-11 

326 

3.7SE-13 

8,53E-13 

Chrcssium  CV!) 

1.34E-12 

155 

1.43E-14 

3.23E-14 

Cdsalt 

1.26E-10 

20 

1.74E-13 

3,92E-13 

Copper 

5.48E-07 

1183 

4.48£-C^ 

1,01£-07 

Iron 

7.61E-09 

Lead 

1.a3£-10 

180 

2.28E-12 

5.15E-12 

Lithium 

1.75E-11 

Wegnesium 

2.27E-08 

Molybdenum 

1.76E-09 

Seleniisa 

1.58E-06 

16 

1.75E-09 

3.95E-09 

Silver 

1.62E-08 

3080 

3-46E-09 

7,SO€-09 

Strontiua 

5.84E-12 

Tin 

1.32E-09 

Titanium 

9.73E-12 

yamd^im 

3.73E-10 

10 

2.58E-13 

5,82£-13 

Yittrium 

3.41E-12 

Zinc 

2.65E-09 

578 

1.06E-10 

2,39S-10 

s 


Percent  body  lipid  in  fillet  (10%) 
Adult  fish  ingestion  rate  (4.84  g/day) 
Child  fish  ingestion  rate  (2.42  g/day) 
Adult  body  weight  (70  kg) 

Child  body  weight  (15.5  kg) 
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APPENDIX  8F 


CALCULATION  OF  THE  ESTIMATED  DAILY 
INTAKE  FOR  THE  DERMAL  ^^SORPTION 


ROUTE  OF  EXPOSURE 


Table  8F-1 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Resident-A  Scenario 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 

*«/K8 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
Mg/Kg 


ABSORPTION 

FACTOR 


AVERAGE 

ESTIMATED 

DAILY 

INTAKE 

mg/Kg/dsy 


MAXIMUM 

ESTIMATED 

DAILY 

INTAKE 

Mg/Kg/day 


ORGANICS 

Acetonitrile 

Aldrin 

Atrazine 

Benia Idehyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4-Chlorobiphenyl 

4, 4-Chlorobi phenyl 

4-Chlorophenyl(Bethylaulfone 

4*Chlorophenylaiethyl8ulfoxide 

p,p-DDE 
p,p-ODT 
Di benzofuran 
Oieldrin 

Oi isopropyl  Methylphoaphonate 
1 ,3-Dia«thylbenzene 
Dieethyl  Methylphoaphonate 
Oi Methyl phosphate 
Dioxins/Furans  (EPA  TEFs) 
Dithiane 
Endrin 

Hexach lorobenzene 

Hexachlorocyclopentadiene 

Isodrin 

Malathion 

Methanol 

4-Nitrophenol 

PAHS 

Acensphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

0 i benzol a , h )anth racene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 

Pentach lorobenzene 
Phenol 
Quinoline 
Supona 

Tetrachlorobenzene 


5.69E-13 

6.03E-15 

1.39E-17 

1.23E-10 

2.37E-10 

5.98E-11 

5.69E-14 

1.14E-14 

6.88E-11 

9.01E-13 

4.58E-16 

1.70E*15 

1.87E-12 

3.75E-16 

1.18E-11 

1.24E-15 

9.06E-15 

2.37E-11 

3.57E-15 

1.42E*12 

8.91E-13 

2.17E*16 

2.49E-16 

5.05E-14 

1.12E-14 

3.17E-15 

4.84E-15 

1.38E-10 

5.01E-14 

5.93E-11 

5.93E-11 

2.09E-13 

2.61E*13 

2.84E-13 

7.65E-13 

1.18E-11 

3.62E-13 

1.76E-13 

6.68E-16 

1.81E-13 

6.42E-10 

2.83E-14 

2.01E-15 

7.63E-14 


5.77E-13 

6.12E-15 

4.S7E-16 

1.25E-10 

2.40E-10 

6.07E-11 

5.77E-14 

1.15E-U 

6.98E-11 

9.14E-13 

1.20E-U 

4.47E"14 

9.39E-12 

1.88E-15 

1.20E-11 

1.266-15 

1.59E-13 

2.40E-11 

1.25E-13 

1.44E-12 

3.47E-12 

2.21E-16 

1.14E-15 

3.65E-13 

1.14E-U 

3.22E-15 

4.91E-15 

1.40E-10 

5.08E-14 


6.02E-11 

6.02E-11 

5.88E-12 

6.67E-12 

6.95E-12 

1.98E-11 

1.20E-11 

1.08E-11 

5.27E-12 

6.7BE-16 

1.83E-13 

6.51E-10 

2.87E-14 

2.04E-15 

7.74E-14 


1. DOE -01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1,00E-01 
1.00E-01 
1.00E-01 

1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1 .OOE-01 
1.00E-01 
1.00E-01 
1.00E-01 
1,00£-01 
1.00E-01 
1.00E-01 


3.39E-20 

3.59E-22 

8.29E-25 

7.35E-18 

1.41E-17 

3.566-18 

3.39E-21 

6.786-22 

4.09E-18 

5.366-20 

2.73E-23 

1.01E-22 

1.11E-19 

2.23E-23 

7.05E-19 

7.37E-23 

5.39E-22 

1.41E-18 

2.13E-22 

8.466-20 

5.31E-20 

1.29E-23 

1.486-23 

3.016-21 

6.686-22 

1.89E-22 

2.886-22 

8.19E-18 

2.986- 21 

3.53E-18 

3.53E-18 

1.24E-20 

1.566- 20 
1.69E-20 

4.566- 20 
7.05E-19 
2.166-20 
1.05E-20 

3.986- 23 
1.086-20 
3.82E-17 
1.69E-21 
1.20E-22 
4.54E-21 


3.44E-20 

3.64E-22 

2.72E-23 

7.466-18 

1.43E-17 

3.61E-18 

3.44E-21 

6.87E-22 

4.15E-18 

5.44E-20 

7.15E-22 

2.666-21 

5.59E-19 

1.12E-22 

7.15E-19 

7.47E-23 

9.44E-21 

1.43E-18 

7.UE-21 

e.59E-20 

2.06E-19 

1.31E-23 

6.77E-23 

2.17E-20 

6.77E-22 

1.92E-22 

2.93E-22 

8.31E-18 

3.03E-21 

3.586-18 

3.586-18 

3.50E-19 

3.97E-19 

4.14E-19 

1.186-18 

7.15E-19 

6.40E-19 

3.14E-19 

4.04E-23 

1.09E-20 

3.886-17 

1.71E-21 

1.21E-22 

4.61E-21 
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Table  SF-l 


(continued) 


T r i ch l orebenzene 

Urea 

Vapona 


4.02E-14 

8.69E-10 

5.35E-15 


8.82E-10 

5.43E-15 


1.00E-01 

I.OOE-OI 

i.ooe-oi 


2.39E-21 

5.18E-17 

3.19E-22 


2.43E-21 

5.25E-17 

3.23E-22 


INCRGAliilCS 
Antiaony 
Arsenic 
Bariisn 
Beryl  U«ii 
Copper 
Lead 
Mercury 
Selenim 
Si Iver 
ThaUiua 


5.52E-07 

3.12E-06 

7.65E-07 

3.20E-08 

2.93E-03 

9.81E-07 

8.64E-07 

8.01E-03 

8.30E-05 

8.06E-06 


5.6a-07 

3.17E-06 

7.76E-07 

3.24E-Cffl 

2.97E-03 

9.95E-07 

8.77E-07 

8.13E-03 

8.42E-05 

8.18E-08 


1.00E-02 

1.00E-02 

1,00£-02 

1.00E-02 

1.00E-02 

1.00E-02 

1.00e-02 

1.00E-02 

1.00E-02 

1.00E-02 


3.29E-15 

1.86E-14 

4.56E-15 

1.90E-16 

1.74E-11 

5.84E-15 

5.15E-15 

4.77E-11 

4.95E-13 

4.80E-14 


3.33E-15 

1.89i-14 

4.62E-15 

1.93E-16 

1.77E-11 

5.92E-15 

5.22E-15 

4.84E-11 

5.02E-13 

4.87E-14 


8 


Number  of  exposure  events  per  year  (117  days/yr) 
Exposed  surface  area  (1,700  cm^) 

Skin  adherence  factor  for  soil  (0.51  mg/cm^) 

Soil  matrix  factor  (0.15) 

Body  weight  (70  kg) 
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Table  8F-2 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Resident'B  Scenario 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mo/KO 


MAXIMUM 
CALCUUTED 
CONC  IN 
SOIL 
.2M 
mg/KO 


ABSORPTION 

FACTOR 


AVERAGE 

ESTIMATED 

DAILY 

INTAICE 

■O/Kg/day 


MAXIMUM 

ESTIMATED 

DAILY 

INTAICE 

Mg/lCg/day 


ORGANICS 

Acetonitri  le 

Aldrin 

Atrazine 

BenzaldeMyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4'Chlorobiphenyl 

4,4-Chlorobiphenyl 

4-Chlorophenylii«thyl#ulfooe 

4 - Ch I oropheny I  wethy I au I f ox i de 

p,p-DDE 

p,p-0DT 

D i benzofuran 

Dieldrin 

Di isopropyl  Methyl phoaphonate 

1 ,3-0i«»thylbenzene 

Dimethyl  Methylphoaphooate 

Dimethylphoaphate 

Dioxina/Furans  (EPA  TEFa) 

Dithiane 

Endrin 

Hexachlorobenzene 

Hexach  lorocyc  I  opentadi  ene 

Isodrin 

Malathion 

Methanol 

4-Nitropheool 

PAHS 

Acenaphthalene 

Acenaphthene 

Benzo(a>pyrene 

Chrysene 

D i benzol a , h )anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Pentach I orobenzene 
Phenol 
Quinoline 
Supona 

T  et  rach I orobenzene 


8.23E-13 

8.72E-15 

2.01E-17 

1.79E-10 

3.43E-10 

8.65E-11 

8.23E-14 

1.65E-14 

9.94E-11 

1.30E-12 

6.62E-16 

2.48E-15 

2.70E-12 

5.41E*16 

1,71E-11 

1.79E-15 

1.31E-14 

3.43E-11 

5.16E-15 

2.05E-12 

1.29E-12 

3.14E-16 

3.59E-16 

7.30E-14 

1.62E-14 

4.59E-15 

7.00E-15 

1.99E-10 

7.25E-U 

8.58E-11 

8.58E-11 

3.01E-13 

3.78E-13 

4.10E-13 

1.11E-12 

1.71E-11 

5.24E-13 

2.54E-13 

9,66E-16 

2.61E-13 

9.28E-10 

4.10E-14 

2.90E-15 

1.10E-13 


8.34E-13 

8.84E-15 

6.60E-16 

1.81E-10 

3.48E-10 

8.77E-11 

8.34E-14 

1.67E-14 

1.01E-10 

1.32E-12 

1.74E-U 

6.48E-14 

1.36E-11 

2.72E*15 

1.74E-11 

1.81E-15 

2.29E-13 

3.48E-11 

1.81E-13 

2.08E-12 

5.01E-12 

3.19E-16 

1.64E-15 

5.28E-13 

1.64E-14 

4.65E-15 

7.10E-15 

2.02E-10 

7.35E-14 


8.70E-11 

8.70E-11 

8.50E-12 

9.64E-12 

1.01E-11 

2.86E-11 

1.74E-11 

1.58E-11 

7.61E-12 

9.80E-16 

2.65E-13 

9.41E-10 

4.15E-U 

2.94E-15 

1.12E*13 


1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

l.OOE-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

l.OOE-01 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 


4.90E-20 

5.19E-22 

1 .20E-24 

1.06E-17 

2.04E-17 

5.15E-18 

4.90E-21 

9.80E-22 

5.92E-18 

7.75E-20 

3.94E-23 

1.47E-22 

1.61E-19 

3.22E-23 

1.02E-18 

1.07E-22 

7.80E-22 

2.04E-18 

3.07E-22 

1.22E-19 

7.67E-20 

1.87E-23 

2.14E-23 

4.35E-21 

9.65E-22 

2.73E-22 

4.17E-22 

1.18E-17 

4.31E-21 

5.11E-18 

5.11E-18 

1.80E-20 

2.25E-20 

2.44E-20 

6.59E-20 

1.02E-18 

3.12E-20 

1.51E-20 

5.75E-23 

1.56E-20 

5.52E-17 

2.44E-21 

1.73E-22 

6.57E-21 


4.97E-20 

5.27E-22 

3.93E-23 

1.08E-17 

2.07E-17 

5.22E-18 

4.97E-21 

9.94E-22 

6.01E-18 

7.87E-20 

1.03E-21 

3.85E-21 

8.09E-19 

1.62E-22 

1.03E-18 

1.08E-22 

1.36E-20 

2.07E-18 

1.08E-20 

1.24E-19 

2.98E-19 

1.90E-23 

9.78E-23 

3.14E-20 

9.79E-22 

2.77E-22 

4.23E-22 

1.20E-17 

4.38E-21 

5.18E-18 

5.18E-18 

5.06e-19 

5.74E-19 

5.99E-19 

1.70E-18 

1.03E-18 

9.26E-19 

4.53E-19 

5.84E-23 

1.S8E-20 

5.60E-17 

2.47E-21 

1.75E-22 

6.66E-21 
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Table  8F.2 


(continued) 


Tri ch lorobensene 

Urea 

Vapena 

INORCANICS 

Arsenic 
Bariimi 
Beryl  Ills# 

Copper 

Lesd 

Mercury 

Selenium 

Si Iver 

Thallium 


5.81E-1* 

1.26E-09 

7.74e-15 


7.98E-07 

4.52E-06 

1.11E-06 

4,62E-08 

4.24E-03 

1.42E-06 

1.25E-06 

1.16E-02 

1.20E-04 

1.17E-05 


5.89E-14 

1.27E-09 

7.85E-15 


8.10E-07 

4.5a£-06 

1.12E-06 

4.69E-08 

4.30E-03 

1.44E-06 

1.27T-06 

1.18E-02 

1.22E-04 

1.18E-05 


1.00E-01 

1.00E-01 

1.00E-01 


1.00E-02 

1.00E-02 

1,O0E-O2 

1.00E-02 

1.00E-02 

1.00E-02 

1.00E-02 

1.00E-02 

1,00E*02 

1.00E-02 


3.48E-21 

7.48E-17 

4.61E-22 


4.75E-15 

2.69E-14 

6.59E-15 

2.75E-16 

2.52E*11 

8.44E-15 

7.aE-15 

6.90E-11 

7.15E-13 

6.94E-14 


3.51E-21 

7.59E-17 

4.67E-22 


4.82E-15 

2.73E-14 

6.B8E-15 

2.79E-16 

2.54E-11 

8.56E-15 

7.55E-15 

7.00E-11 

7.25E-13 

7.04E*14 


} 


Number  of  exposure  events  per  year  (117  days/yr) 
Exposed  surface  area  (1,700  cm") 

Skin  adherence  factor  for  soil  (0.51  mg/cm^) 

Soil  matrix  factor  (0.15) 

Body  weight  (70  kg) 
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Table  8F-3 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Farmer  Scenario 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
■ig/icg 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
ng/Kg 


absorption 

FACTOR 


average 

estimated 

DAILY 

INTAKE 

mg/Kg/day 


MAXIMUM 

ESTIMATED 

DAILY 

INTAKE 

no/Kg/day 


ORGANICS 

Acetonitrile 

Aldrin 

Atrazine 

Benzaldehyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

4-Chlorophefiylwethylaulfone 

4-Chlorophenyl*ethylsulfoxide 


p,p-DDE 
p,p-D0T 
Di benzofuran 
Dieldrin 

Di isopropyl  Wethylp#)osphonate 
1,3-0iBKthylben2enc 
Diwwthyl  Wethylphosphonatc 
DISK  thy  I  phosphate 
Dioxins/Furana  (EPA  TEFs) 


Dithiane 

Endrin 

Hexsch I orobenzene 
Hexach I orocyc I opentadi ene 


laodrin 

Malathion 

Methanol 

4-Nitrophenol 

PAHS 

Acenaphthalene 
Acenaphthene 
Benzol a Ipypene 
Chrysene 

Dibenzo(a,h)anthracane 


Fluoranthene 


Fluorene 

Phenanthrene 


Pyrene 

Parathion 

Pentach I orobenzene 
Phenol 
Quinoline 
Supona 

Tetrach lorobenzene 


4.88e-13 

5.irE-15 

1.19E-17 

1.06E-10 

2.03E-10 

5.13E-11 

4.88E-U 

9.75E-1S 

5.89E-11 

7.72E-13 

3.92E-16 

1.46E-15 

1.60E*12 

3.21E-16 

1.01E-11 

1.06e-15 

7.76E-15 

2.03E-11 

3.06E-15 

1.22E-T2 

7.64E*13 

1.86E*16 

2.13E-16 

4.33E-U 

9.61E-15 

2.72E-15 

4.15E-15 

1.18E-10 

4.30E*H 

5.08E-11 

5.08E-11 

1.79E-13 

2.24E-13 

2.43E-13 

6.56E-T3 

1.01E-11 

3.10E-13 

1.50E-13 

5.73E-16 

1.55E-13 

5.50E-10 

2.43E-U 

1,72E*15 

6.54E-14 


4.95E-13 

5.24E-15 

3.92E-16 

1.07E-10 

2.06C-10 

5.20E-11 

4.95E-U 

9.89E-15 

5.98E-11 

7.83E-13 

1.03E-14 

3.83E-14 

e.05E-12 

1,61E-15 

1.03E-11 

1.08E-15 

1.36E-13 

2.06E-11 

1,07E-13 

1.24E-12 

2.97E-12 

1.89E-16 

9.73E-16 

3.13E-13 

9.75E-15 

2.76E-15 

4.21E-15 

1.20E-10 

4.36E-14 

5.16E-11 

5.16E-11 

5.04E-12 

5.72E-12 

5.96e-12 

1.70E-11 

1.03E-11 

9.22E-12 

4.51E-12 

5.81E-16 

1.57E-13 

5.58E-10 

2.466*14 

1.75E-15 

6.63E-14 


1,00E-01 

l.OOE-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.006-01 

1.006-01 

1.006-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.006-01 
1.006-01 
1.00E-01 
1 .OOE-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1,00E-01 
l.OOE-01 
1.00E-01 
1.006-01 
1.00E-01 
1.00E-01 


3.32E-19 

3.52E-21 

8.13E-24 

7.216-17 

1.386-16 

3.49E-17 

3.326-20 

6.64E-21 

4.016-17 

5.266-19 

2.67E-22 

9.95E-22 

1.09E-18 

2.19E-22 

6.91E-18 

7.22E-22 

5.29E-21 

1.386-17 

2.086-21 

8.30E-19 

5.20E-19 

1.27E-22 

1.45E-22 

2.95E-20 

6.54E-21 

1.85E-21 

2.83E-21 

8.03E-17 

2.936-20 

3.466-17 
3.466-17 
1.22E-19 
1. 536-19 
1.666-19 
4.47E-19 
6.91E-18 
2.11E-19 
1.02E-19 
3.906-22 
1.06E-19 
3.75E-16 
1.65E-20 
1.17E-21 
4.45E-20 


3.37E-19 

3.57E-21 

2.67E-22 

7.31E-17 

1.406-16 

3.54E-17 

3.37E-20 

6.74E-21 

4.07E-17 

5.33E-19 

7.02E-21 

2.616-20 

5.486-18 

1.10E-21 

7.01E-18 

7.33E-22 

9.25E-20 

1.40E-17 

7.30E-20 

8.42E-19 

2.02E-18 

1.29E-22 

6.63E-22 

2.13E-19 

6.64E-21 

1.886-21 

2.87E-21 

8.15E-17 

2.97E-20 

3.51E-17 

3.51E-17 

3.43E-18 

3.90E-18 

4.066-18 

1.166-17 

7.01E-18 

6.286-18 

3.076-18 

3.966-22 

1.07E-19 

3.80E-16 

1.686-20 

1.19E-21 

4.52E-20 
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Table  8F-3 
(continued) 


T  r  i  ch  1  orofeengene 

3.44E-14 

Ur©a 

7.45E-10 

Vapmi 

4.59E-15 

IMORGAHICS 

Antimony 

4.73E-07 

2.68S-06 

Baritjs 

6.56E-0r 

Beryl liiro 

2.74E-08 

Copper 

2.51E-03 

Lend 

8.40E-07 

Mercury 

7.41E-07 

Selenium 

6.87E*03 

Si Iver 

7.12E-05 

Thallium 

6.91E-06 

3.49E-14 

1.00E-01 

2.35E-20 

2-3ag-20 

7.56e-10 

1.00E-01 

5-07E-16 

5.15E-16 

4.65E-15 

1.00E-01 

3.12E-21 

3,17E-21 

4.80E-07 

1.00E-02 

3.22E-14 

3.27H-14 

2,72E-06 

1.00S-02 

1.82E-13 

1»85E-13 

6.65E-07 

1.00E-02 

4.47E-14 

4.53E-14 

2.78E-08 

1.00E-02 

1.87E-15 

1.89E-15 

2.55E-03 

l.OOE-02 

1.71E-10 

1.74E-10 

8.53E-07 

1.00E-02 

5.72E-14 

5-81E-14 

7.52E-07 

1.00E-02 

5.05E-14 

5.12E-14 

6.97E-03 

1.00E-02 

4.68E-10 

4.75E-10 

7.22E-05 

1,00£-02 

4,85E-12 

4.92E-12 

7.01E-M 

1.00E-02 

4.71E-13 

4.78E»13 

Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (1,700  cm^) 

Skin  adherence  factor  for  soil  (3,5  mg/cm^) 

Soil  matrix  factor  (0.15) 

Body  weight  (70  kg) 
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Table  8F-4 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Worker  Scenario 


ORGANICS 

Acetonitri le 

Aldrin 

Atrazinc 

Benzaldehyiie 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4-Chlorobiphenyl 

4 , 4  -  Ch  I  orobi  pheny  I 

4  -  Ch  t  opopheny  I  me  thy  I  au  I  f  one 

4  -  Ch  I  oro^rfieny  Ime  thy  I  su  I  f  ox  i  de 

p,p-DOE 

p,p-OOT 

Dibenzofuran 

Oietdrin 

Oiiaoppopyl  Methyl phoaphonate 
1 ,3 -Dimethyl  benzene 
Dimethyl  Methylphoaphonate 
Dime  thy I phosphate 
Dioxins/Furana  (EPA  TEFa) 

D  i  th  i  ane 
Endrin 

Hexach I orobenzene 

Hexach I orocyc I opent ad i ane 

laodrin 

Malathion 

Methanol 

4-Nitrophanol 

PAHa 

Acenaphtha  I  ane 
Acana^thene 
Benzo(a)pyrane 
Chrysene 

D i benzo( a , h ) anth racane 
Fluoranthene 
Fluorene 
Phenanthrane 
Pyrene 
Parathion 

Pentach  lorebenzene 
Phenol 
Quinoline 
Supona 

T  et  rach  I  orobenzene 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
ng/IC9 


7.46E-13 

7.91E-15 

1.83E-17 

1.62E-10 

3.nE-10 

7.84E-11 

7.46E-14 

1.49E-14 

9.02E-11 

1.18E-12 

6.00E-16 

2.23E-15 

2.45E-12 

4.91E-16 

1.55E-11 

1.62E-15 

1.19E-14 

3.11E-11 

4.68E-15 

1.86E-12 

1.17E-12 

2.85E-16 

3.26E-16 

6.62E-14 

1.47E-14 

4.16E-15 

6.35E-15 

1.80E-10 

6.57E-14 

7.78E-11 

7.78E-11 

2,74E-13 

3.43E-13 

3,72E-13 

i.ooe-12 

1.55E-11 

4.75E-13 

2.30E-13 

8.76E-16 

2.37E-13 

8.41E-10 

3.71E-14 

2.63E-15 

l.OOE-13 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
ng/Xg 


7.57E-13 

8.02E-15 

5.99E-U 

1.64E-10 

3.15E-10 

7.96E-11 

7.57E-14 

1.51E-14 

9.15E-11 

1.20E-12 

1.57E-14 

5.86E-14 

1,23E-11 

2.47E-15 

1.58E-11 

1.65E-15 

2.08E-13 

3.15E-11 

1.64E-13 

1-89E-12 

4.55E-12 

2.89E-16 

1.49E-15 

4.79E-13 

1,49E-H 

4.22E-15 

6.44E-15 

1.83E-10 

6.67E-U 

7.89E-11 

7,89E-11 

7.71E-12 

8.75E-12 

9.12E-12 

2.59E-11 

1.58E-11 

1.41E-11 

6.91E-12 

8.89E-16 

2.41E-13 

8.54E-10 

3.77E-14 

2.67E-15 

K01E-13 


ABSORPTION 

FACTOR 


1.00E-01 
1.00E-01 
1. DOE -01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1.00E-01 
1,00E-01 
1. ODE -01 
1.00E-01 
1.00E-01 

i.ooe-oi 

1.00E-01 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

l.OOE-01 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

I.OOE-OI 

1.00E-01 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 

I.OOE-OI 


AVERAGE 
ESTIMATED 
DAILY 
I NT AXE 
mg/Xg/day 


5.08E-19 

5.39E-21 

1.24E-23 

1.10E-16 

2.12E-16 

5.34E-17 

5.08E-20 

1.02E-20 

6.14E-17 

8.05E-19 

4.09E-22 

1.52E-21 

1.67E-18 

3.35E-22 

1.06E-17 

1.11E-21 

8.09E-21 

2.12E-17 

3.19E-21 

1.27E-18 

7.96E-19 

1,94E-22 

2.22E-22 

4.51E-20 

1.00E-20 

2.83E-21 

4.33E-21 

1.23E-16 

4.48E-20 

5.30E-17 

5.30E-17 

1.86E-19 

2.34E-19 

2.53E-19 

6.83E-19 

1.06E-17 

3.23E-19 

1.57E-19 

5.97E-22 

1.62E-19 

5.73E-16 

2.53E-20 

1.79E-21 

6.81E-20 


MAXIMUM 

ESTIMATED 

DAILY 

INTAXE 

mg/Xg/day 


5.16E-19 

5.486-21 

4.08E-22 

1.12E-16 

2.15E-16 

5.42E-17 

5.16E-20 

1.03E-20 

6.23E-17 

8.16E-19 

1.07E-20 

3.99E-20 

8.39E-18 

1.68E-21 

1.07E-17 

1.12E-21 

1.42E-19 

2.15E-17 

1.12E-19 

1.29E-18 

3.10E-18 

1.97E-22 

1.01E-21 

3.26E-19 

1.02E-20 

2.87E-21 

4.39E-21 

1.25E-16 

4.54E-20 

5.3a£-17 

5.38E-17 

5-25E-18 

5.96E-18 

6.21E-18 

1.77E-17 

1.07E-17 

9.61E-18 

4.70E-18 

6.06E-22 

1.64E-19 

5.81E-16 

2.57E-20 

1.82E-21 

6.91E-20 
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Table  8F-4 


(continued) 


T  r  i  di  1 

5.27E-14 

Ur®a 

1.UE-09 

Vtpara 

7.02E-15 

INORGAIJICS 

r.24S-07 

Anwnic 

4.1(^-06 

Sari&a 

1.00E-06 

Beryl  Ite 

4.19E-08 

Copp®p 

3.84E-03 

Lead 

1.29E-06 

Wercury 

1.13E-06 

SeieniuD 

1.05E-02 

Si Iver 

1.09E-04 

Thai liiM 

1.06E-05 

5.35E-14 

1.00E-01 

3.S9E-20 

3.64E-20 

1.16E-09 

1.00E-01 

7.76E-16 

7.88E-16 

r.12E-15 

1.00E-01 

4.78E-21 

4.85E-21 

r.34E-07 

1.00E-02 

4.93E-14 

5.00E-14 

4.16E-06 

1.00E-02 

2.79E-13 

2.83E-13 

1.02E-06 

1.00E-02 

6.83E-14 

6.93E*U 

4.2SE-D8 

1.00E-02 

2.85E-15 

2.90E-15 

3.90E-03 

1.00E-02 

2.62E-10 

2.65E-10 

1.30E-06 

1.00E-02 

8.76E-14 

8.89E-14 

1.15E-06 

1.00E-02 

7.72E-14 

7.83E-14 

1.07E-02 

1.00E-02 

7.16E-10 

7.26E-10 

1.10E-04 

1.00E-02 

7.42E-12 

7.53E-12 

1.07E-0S 

1.00E-02 

7.20e-13 

7.31E-13 

I 


Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (1,700  cm^) 

Skin  adherence  factor  for  soil  (3.5  mg/cm^) 

SoO  matrix  faaor  (0.15) 

Body  weight  (70  kg) 


8F-8 
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Table  8F-5 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Child,  Resident-A  Scenario 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.IN 
MO/Kg 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
no/ICg 


ABSORPTION 

FACTOR 


AVERAGE 

estimated 

DAILY 

INTAKE 

Mg/Kg/day 


MAXIMUM 

ESTIMATED 

DAILY 

INTAKE 

ng/Kg/day 


ORGANICS 

Acetonitrile 

Aldrin 

Atrarine 

Benzaldehyde 

Benzof uran 

Benzoic  Acid 

Benzonitrile 

Carbazole 

A-Chlorobiphenyl 

4,4-Chlorobiptienyl 

4-Chlorophenyliaethylaultone 
4-Ch  lorophenyliaethylaulfoxide 


p,p-DDE 

p,p-DOT 

Dibenzofuran 

Oieldrin 

Di isopropyl  Methylphosphooate 

1 ,3-DiiBethylbenzene 

DisKthyl  Methylphosphonate 

Ditaethylphospdate 

Oioxina/Forana  (EPA  TEFs) 

Dithiane 

Endrin 

Mexachlorobenzena 
Heitaeh  loroeyc  lopantad  t  ene 


Isodrin 

Malathion 

Methanol 

4-Nitropheftol 


PAHS 

Acenaphthalene 
Acer*ophthene 
Benzol a) pyrene 
Chrysene 

Dibenzo{a,h)anthr8cene 

Fluoranthene 


Fluorene 

Phenanthrene 

Pyrene 

Parathion 

Pentach  lorobenzene 

Phenol 

Quinoline 


Supona 

T  et  rach  I  orobenzene 


1.14E-12 

1.21E-U 

2.78E-17 

2.47E-10 

4.74E-10 

1.20E-10 

1.14E-13 

2.26E*H 

1.38E-10 

1.80E-12 

9.15E*16 

3.41E-15 

3.74E-12 

7.49E-16 

2.37E-11 

2.47E-15 

1.81E-14 

4.74E-11 

7.14E-15 

2.84E-12 

1.78E-12 

4.35E-16 

4.97E-16 

1.01E-13 

2.24E-14 

6.34E-15 

9.68E-15 

2.75E-10 

1.00E-13 

1.19E*10 

1.19E-10 

4.17E-13 

5.23E-13 

5.67E-13 

1.53E-12 

2.37E-11 

7.24E-13 

3.51E-13 

1.34E-15 

3.62E-'I3 

1.28E-09 

5.67E-14 

4.01E-15 

1.53E-13 


1.15E-12 

1.22E-14 

9.14E-16 

2.51E-10 

4.81E-10 

1.21E-10 

1.15E-13 

2.31E-14 

1.40E-10 

1.83E-12 

2.40E-T4 

8.94E-14 

1.88E-11 

3.76E-15 

2.40E-11 

2.51E-15 

3.17E-13 

4,81E-11 

2.50E-13 

2.88E-12 

6.93E-12 

4.41E-16 

2.27E-15 

7.30E-13 

2.27E-14 

6.44E-15 

9.82E-15 

2.79E-10 

1.02E-13 

1.20E-10 

1.20E-10 

1.18E-11 

1.33E-11 

1.39E-11 

3.96E-11 

2.40E-11 

2.15E-11 

1.05E-11 

1.36E-15 

3.67E-13 

1.30E-09 

5.75E-14 

4.07E-15 

1.55E-13 


l.OOE-01 

1.00E-01 

1.00E-01 

1.00E-01 

1.00E-01 

l.OOE-01 

l.OOE-01 

1.00E-01 

l.OOE-OI 

l.OOE-01 

l.OOE-OI 

l.OOE-01 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

1.00E-01 

l.OOE-OI 

l.OOE-01 

l.OOE-OI 

l.OOE-OI 

l.OOE-01 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

1.00E-01 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

1.00E-01 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

l.OOE-OI 

1.00E-01 

1.00E-01 

1.00E-01 

l.OOE-OI 

l.OOE-OI 

1.00E-01 

l.OOE-OI 

1.00E-01 


6.56E-19 

6.96E-21 

1.61E-23 

1.42E-16 

2.73E-16 

6.90E-17 

6.56E-20 

1.31E-20 

7.93E-17 

1.04E-18 

5.28E-22 

1.97E-21 

2.16e-18 

4.32E-22 

1.37E-17 

1.43E-21 

1.04E-20 

2.73E-17 

4.12E-21 

1.64E-18 

1.03E-18 

2.51E-22 

2.87E-22 

5.83E-20 

1.29E-20 

3.66e-21 

5.59e-21 

1.59E-16 

5.78E-20 

6.84E-17 

6.84E-17 

2.41E-19 

3.02E-19 

3.27E-19 

8.83E-19 

1.37E-17 

4.18E-19 

2.03E-19 

7.71E-22 

2.09E-19 

7.40E-16 

3.27E-20 

2.32E-21 

8.&0E-20 


6.66E-19 

7.06E-21 

5.27E-22 

1.45E-16 

2.77E-16 

7.00E-17 

6.66E-20 

1.33E-20 

8.05E-17 

T.OSE-IS 

1.39E-20 

5.16e-20 

1.08E-17 

2.17E-21 

1.39E-17 

1.45E-21 

1.83E-19 

2.77E-17 

1.UE-19 

1.66E-18 

4.00E-18 

2.54E-22 

1.31E-21 

4.21E-19 

1.31E-20 

3.71E-21 

5.67E-21 

1.61E-16 

5.87E-20 

6.94E-17 

6.94E-17 

6.79E-18 

7.70E-18 

8.03E-18 

2.28E-17 

1.39E-17 

1.24E-17 

6.08E-18 

7.82E-22 

2.12E-19 

7.51E-16 

3.32E-20 

2.35E-21 

B.93E-20 
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Table  SF-S 


(continued) 


T  r  i  1  orofeemer® 

8.04E-H 

Ur®® 

1.74E-09 

VopOSTl® 

1.07E--U 

INOI^GAfJICS 

AntiMiy 

1.10€-06 

Ars®nic 

6.25E*06 

iariw 

1.53S-06 

ieryU1« 

6.39E-08 

5.86E-03 

1.96E-06 

Mercury 

1.73E-06 

Selenium 

1.60E-02 

Si Iver 

1.66E-04 

Thalliusn 

1.61E-05 

8.15E-14 

1.00E-01 

4.64E-20 

4.70E-20 

1.76E-09 

1.00E-01 

1.CI0E-15 

1.02E-15 

1.09E-14 

1.00E-01 

6.17E-21 

6, 266-21 

1.12E-06 

1.00E-02 

6.37E-14 

6.46S-U 

6.34E-06 

1.00E-02 

3.60E-13 

3.666-13 

1.55E-06 

1.00E-02 

8.83E-14 

8.%E-U 

6.4e£*08 

1.00E-02 

3.69E-15 

3.74E-15 

5.94E-03 

1.00E-02 

3.38E-10 

3.43E-10 

1.99E-06 

1.00E-02 

1.13E-13 

1.15E-13 

1.75E-06 

1.00E-02 

9.97E-14 

1.01E-13 

1 .63E-02 

1.00E-02 

9.25E-10 

9.3a€-10 

1.68E-04 

1.00E-02 

9.5e£-12 

9.72E-12 

1.64E-05 

1.00€*02 

9.3M-13 

9.44E-13 

Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (2,188  cm^) 

Skin  adherence  factor  for  soil  (0.51  mg/cm^) 

Soil  matrix  factor  (0.15) 

Body  weight  (15.5  kg) 
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Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Child,  Resident's  Scenario 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.1M 
mo/Ks 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
ng/Kg 


ABSORPTION 

FACTOR 


AVERAGE 

ESTIMATED 

DAILY 

INTAJCE 

ng/Kg/day 


MAXIMUM 

ESTIMATED 

DAILY 

INTAKE 

•g/Kg/day 


ORGANICS 

Acetonitrile 

Aldrin 

Atrazine 

Benzaldehyde 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Carbazole 

4-Chlorobipiienyl 

4 , 4 - Ch I opob i pheny I 

4*Chlorophenyli»ethylaulfooe 
4 - Ch I oropheny laethy I au I f ox i de 

p,p-DDE 
p,p-DDT 
Di benzofuran 
Dieldrin 

Diiaopropyl  Methylphoaphonate 

1 ,3-D iaethy Ibenzene 

Diaethyl  Methylphoaphonate 

Diaethylphoaphate 

Dioxina/Furana  (EPA  TEFa) 

Dithiane 

Endrin 

Hexach I or obenzene 

Hexach I orocyc I opentadi ene 

laodrin 

Malathion 

Methanol 

4-Nitrophenol 

PAHS 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chryaene 

D i benzol a , h  >anth  racene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Pent ach I orobenzene 
Phenol 
Quinoline 
Supona 

T  et  rach  lorobenzene 


1.65E-12 

1.74E-14 

4.03E-17 

3.57E-10 

6.85E-10 

1.73E-10 

1.65E-13 

3.29E-14 

1.99E-10 

2.60E-12 

1.32E-15 

4,92E-15 

5.41E-12 

1.08E-15 

3.42E-11 

3.58e-15 

2.62E-U 

6.8SE-11 

1.03E-U 

4.11E-12 

2.58E-12 

6.29E-16 

7.19E-16 

1,46e-13 

3.24E-14 

9.17E-15 

1.40E-14 

3.98E-10 

1.45E-13 

1.72E-10 

1.72E-10 

6.03E-13 

7.55E-13 

8.20E-13 

2.21E-12 

3.42E-11 

1.05E-12 

5.07E-13 

1.93E-15 

5.23E-13 

1.86E-09 

8.19E-14 

5.80E-15 

2.21E-13 


1.67E-12 

1.00E-01 

1.77E-14 

1.00E-01 

1.32E-15 

1.00E-01 

3.62E-10 

1.00E-01 

6.95E-10 

1.00E-01 

1.75E-10 

l.OOE-01 

1 .67E*13 

l.OOE-01 

3.34E-14 

l.OOE-01 

2.02E-10 

1.00E-01 

2.64E-12 

1.00E-01 

3.47E-14  - 

1.00E-01 

1.29e-13 

1.00E-01 

2,72E-11 

I.OOE-OI 

5.44E-15 

1.00E-01 

3.47E-11 

1.00E-01 

3.63E-15 

l.OOE-01 

4.S8E-13 

1.006-01 

6.95E-11 

l.OOE-01 

3.61E-13 

1.00E-01 

4.17E-12 

l.OOE-01 

1.00E-11 

1.00E-01 

6.38E-16 

I.OOE-OI 

3.28E-15 

l.OOE-01 

1.06E-12 

I.OOE-OI 

3.29E-14 

I.OOE-OI 

9.30E-15 

I.OOE-OI 

1.42E-14 

I.OOE-OI 

4.03E-10 

I.OOE-OI 

1.47E*T3 

I.OOE-OI 

1.74E*10 

I.OOE-OI 

1.74E-10 

1.006-01 

1.70E-11 

I.OOE-OI 

1.93E-11 

I.OOE-OI 

2.01E-11 

I.OOE-OI 

5.72E-11 

I.OOE-OI 

3.47E-11 

I.OOE-OI 

3.11E-11 

I.OOE-OI 

1.52E-11 

I.OOE-OI 

1.96E-15 

I.OOE-OI 

5.31E-13 

I.OOE-OI 

1.88E-09 

I.OOE-OI 

8.31E-14 

I.OOE-OI 

5.89E-15 

I.OOE-OI 

2.24E-13 

I.OOE-OI 

9.49E-19 

9.63E-19 

1.01E-20 

1.02E-20 

2.32E-23 

7.62E-22 

2.06E-16 

2.09E-16 

3.95E-16 

4.01E-16 

9.98E-17 

1.01E-16 

9.49E-20 

9.63E-20 

1.90E-20 

1.93E-20 

1.15E-16 

1,16E-16 

1.50E-18 

1.52E-18 

7.63E-22 

2.00E-20 

2.84E-21 

7.46E-20 

3.12E-18 

1.57E-17 

6.2SE-22 

3.14E-21 

1.97E-17 

2.00E-17 

2.06E-21 

2.09E-21 

1.51E-20 

2.64E-19 

3.95E-17 

4.01E-17 

5.95E-21 

2.08E-19 

2.37E-18 

2.41E-18 

1.49E-18 

5.78E-18 

3.63E-22 

3.68E-22 

4.15E-22 

1.89E-21 

8.43E-20 

6.09E-19 

1.87E-20 

1.90E-20 

5.29E-21 

5.37E-21 

8.08E-21 

8.19E-21 

2.29E-16 

2.33E-16 

8.36E-20 

8.48E-20 

9.89E-17 

1.00E-16 

9.89E-17 

1.006-16 

3.48E-19 

9.81E-18 

4.36E-19 

1.11E-17 

4.73E-19 

1.16E-17 

1.28E-18 

3.30E-17 

1.97E-17 

2.00E-17 

6.04E-19 

1.79E-17 

2.93E-19 

8.78E-18 

1.11E-21 

1.13E-21 

3.02E-19 

3.06E-19 

1.07E-15 

1.09E-15 

4.73E-20 

4.79E-20 

3.35E-21 

3.40E-21 

1.27E-19 

1.29E-19 
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Table  8F~6 
(continued) 


T  p  1  ch  1  ©retell 

1,16C-13 

Urm 

2.51E-09 

yupmm 

1,55E-U 

mmmmts 

AntiBcnfy 

1.60E-06 

Arsenic 

9.03E-06 

Sariun 

2.21E<06 

Beryl Ita 

9.24E-08 

Cqsper 

8.47E-03 

Lead 

2.84E-(^ 

Mercury 

2.50E-06 

Seleniwa 

2.32E-02 

Silver 

2.40E-04 

Thallium 

2.33E-05 

1.00E-01 

6.70E-20 

6.80E-20 

2-55E-09 

1.00E-01 

1.45E-15 

1.478-15 

1,57E“U 

1.00E-01 

8.93E-21 

9.05E-21 

1.62E-06 

1.01^-02 

9.21E-U 

9.34E-14 

9.1^-06 

1.00E-02 

5o21E-13 

5.29E-13 

2.24E-06 

1.00E-02 

1,28E-13 

1.29E-13 

9.37E-0S 

1.0CS-02 

5,33£-15 

5.41E-15 

8.59E-03 

1.00E-02 

4.89E-10 

4.96E-10 

2.88E-06 

1.00E-02 

1.64E-13 

1.66E-13 

2.54E-06 

1.00E-02 

l.UE-13 

1,46E-13 

2.35E-02 

1.00E-02 

1.34E-09 

1.36E-09 

2.44E-04 

1.00E-02 

1.39E-11 

1.41E-11 

2.3^**  05 

1.0<^-02 

1.34E-12 

1.36E-12 

Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (2,188  cm^) 

Skin  adherence  factor  for  soil  (0.51  mg/cm^) 

Soil  matrix  factor  (0.15) 

Body  weight  (15.5  kg) 
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Table  8F-7 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Child,  Fanner  Scenario 


AVERAGE  ' 

MAXIMUM 

AVERAGE 

maximQm 

CALCULATED 

CALCULATED 

ABSORPTION 

ESTIMATED 

ESTIMATED 

COMC  IN 
SOIL 
.1M 
wg/Kg 

CONC  IN 
SOIL 
.1H 
wg/ICg 

FACTOR 

DAILY 

INTAKE 

mg/Kg/day 

DAILY 

INTAKE 

wg/Kg/day 

;anics 

Acetonitri te 

9.75E-13 

9.89E-13 

1.00E-01 

5.63E-19 

5,716-19 

Aldrin 

1.03E-U 

1.05E-14 

1.00E-01 

5.96E-21 

6.05E-21 

Atrazine 

2.39E-17 

7.83E-16 

l.OOE-01 

1.38E-23 

4.52E-22 

Benzaidehyde 

2.12E-10 

2.15E-10 

l.OOE-01 

1.22E-16 

1.24E-16 

Benzofuran 

4.06E-10 

4.12E-10 

l.OOE-01 

2.34E-16 

2.38E-16 

Benzoic  Acid 

1.03E-10 

1.04E-10 

l.OOE-01 

5.91E-17 

6.00E-17 

Benzonitri le 

9.75E-14 

9.89E-14 

1.00E-01 

5.63E-20 

5.71E-20 

Carbazole 

1.95E-14 

1.98E-14 

l.OOE-01 

1.13E-20 

1.14E-20 

4 -Chlorobi phenyl 

1.18E-10 

1.20E-10 

l.OOE-01 

6.80E-17 

6.90E-17 

4 , 4 - Ch 1 0 rob i pheny t 

1.54E-12 

1.57E-12 

l.OOE-01 

8.91E-19 

9.04E-19 

4 - Ch 1 oropheny 1  we  t hy 1 au 1 f  one 

7-84E-16 

2.06E-14 

1.00E-01 

4.53E-22 

1.196-20 

4  -  Ch  1  orogeny  1  we  t  hy  1  su  t  f  ox  i  de 

2-92E-15 

7.66E-14 

1.00E-01 

1.66E-21 

4.42E-20 

p,P'DDE 

3.21E-12 

1.61E-11 

l.OOE-01 

1.85E-18 

9.296-18 

p,p-OOT 

6.42E<16 

3.22E-15 

1.00E-01 

3.70E-22 

1.866-21 

Oi benzofuran 

2.03E-11 

2.06E-11 

1.00E-01 

1.17E-17 

1.196-17 

Oieidrin 

2.12E-15 

2.15E-15 

1.CM)E-01 

1.22E-21 

1.24E-21 

Di isopropyl  Methylphosphonate 

1.55E-14 

2.72E-13 

1.00E-01 

8.95E-21 

1. 576-19 

1 , 3 -Oiwethyl  benzene 

4.D6E-11 

4.12E-11 

1.00E-01 

2.34E-17 

2.386-17 

Diwethyl  Methylphosphonate 

6.12E-15 

2.UE-13 

1.00E-01 

3.53E-21 

1.24E-19 

0 1  we  thyl phosphate 

2.44E-12 

2.47E-12 

1.00E-01 

1,41E-18 

1.43E-18 

Dioxins/Furans  (EPA  TEFs) 

1.53E-12 

5.94E-12 

1.00E-01 

8.81E-19 

3.436-18 

D i th i ane 

3.73E-16 

3.78E-16 

l.OOE-01 

2.15E-22 

2.18E-22 

Endrin 

4.26E-16 

1.95E-15 

1.00E-01 

2.466-22 

1.12E-21 

Hexach 1 orobenzene 

8.66E*14 

6.26E-13 

1.00E-01 

5,006-20 

3.616-19 

Hexach 1 orocyc 1 opentadi ene 

1.92E-14 

1.95E-14 

1.00E-01 

1.11E-20 

1.12E-20 

Isodrin 

5.44E-15 

5.52E-15 

1.00E-01 

3.14E-21 

3.186-21 

Malathion 

8.30E-15 

8.42E-15 

1.00E-01 

4.796-21 

4.866-21 

Methanol 

2,36E-10 

2.39E-10 

1 ,006-01 

1.366-16 

1.386-16 

4-Witrophenol 

PAHS 

8.59E-U 

8.72E-U 

1.00E-01 

4.966-20 

5.03E-20 

Acenaphthalene 

1.02E-10 

1.03E-10 

1 ,006-01 

5.87E-17 

5.95E-17 

Acenaphthene 

1.02E-10 

1.03E-10 

1,0OE-01 

5.87E-17 

5.95E-17 

BenzoC  a)  pyrene 

3.58E-13 

1.01E-11 

1,00E-01 

2.066-19 

5.82E-18 

Chrysene 

4.48E-13 

1.UE-11 

1.00E-01 

2.58E-19 

6.60E-18 

D i benzo( a , h  >anthracane 

4.86E-13 

1.19E-11 

1.00E-01 

2.81E-19 

6.88E-18 

Fluoranthene 

1.31E-12 

3.39E-11 

1.00E-01 

7.57E-19 

1.966-17 

Fluorene 

2.03E-11 

2.06E-11 

1.00E-01 

1.17E-17 

1.196-17 

Phenanthrene 

6.21E-13 

1.84E-11 

1.006-01 

3.586-19 

1,066-17 

Pyrene 

3.01E-13 

9.02E-12 

1.006-01 

1.74E-19 

5.216-18 

Parathion 

1.15E-15 

1.16E-15 

1.00E-01 

6.61E-22 

6.70E-22 

Pentach  1  orobenzene 

3.10E-13 

3.15E-13 

1.00E-01 

1.796-19 

1.81E-19 

Phenol 

1.10E-09 

1.12E-09 

1.006-01 

6.35E-16 

6.44E-16 

Ouinol ine 

4.86E-14 

4.93E-U 

1.00E-01 

2.806-20 

2.846-20 

Supona 

3.44E-15 

3.49E-15 

1.006-01 

1,996-21 

2.01E-21 

Tetrachlorobenzene 

1.31E-13 

1.33E-13 

1.00E-01 

7.54E-20 

7.65E-20 
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Table  8F-7 


(continued) 


T rich lorobenjena 

Urea 

Mapom 


6.89E-H 

1.49E-09 

9.irE-15 


6.99E-14 

1.51E-09 

9.31E-15 


1.00E-01 

1.00E-01 

l.OOE-01 


3.97E-20 

8.60E-16 

5.29E-21 


4.03E-20 

8.72E-16 

5.37E-21 


INORGANICS 

AntiBDfiy 

Arsenic 

Barim 

SeryUiun 

Copper 

Lead 

Mercun^ 

Seleniun 

Silver 

Thalliuis 


9.48E-07 

5.35E-06 

1.31E-06 

5.48E-08 

5.02E-03 

1.68E-06 

1.48E-06 

1.37E-02 

1.42E-04 

1.38E-05 


9.60E-07 

5.43E-06 

1.33E-06 

5.56e-08 

5.09E-03 

1.71E-06 

1.50E-06 

1.39E-02 

1.44E-04 

1,40E-05 


1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 
1  .OOE-02 
1.00E-02 
1.00E-02 


5.46E-14 

3.09E-13 

7.57E-14 

3.16E-15 

2.90E-10 

9.70E-14 

e.55E-14 

7.93E-10 

8.21E-12 

7.97E-13 


5.54E-14 

3.13E-13 

7.68E-14 

3.21E-15 

2.94E-10 

9.84E-14 

8.67E-14 

8.04E-10 

8.33E-12 

8.09E-13 


Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (2,188  cm^) 

Skin  adherence  factor  for  soil  (0.51  mg/cm^) 

Soil  matrix  factor  (0.15) 

Body  weight  (15.5  kg) 
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APPENDIX  8G 

METHODOLOGY  FOR  CALCULATING  ORGANIC 
POLLUTANT  CONCENTRiflONS  IN 
MOTHER’S  MBfci 


APPENDIX  8G 


METHODOLOGY  FOR  CALCULATING  ORGANIC  POLLUTANT 
CONCENTRATIONS  IN  MOTHER’S  MILK 


This  appendix  presents  a  discussion  of  the  methods  used  to  determine  the  orgamc  pollutant 
concentrations  in  mother’s  milk.  These  concentrations  are  used  in  the  calculation  of  the 
daily  intakes  of  pollutants  by  infants  through  the  consumption  of  mother’s  (i.e.,  breast)  milk. 


The  concentration  of  dioxins  in  breast  milk  was  calculated  using  the  following  equation  that 
was  developed  for  dioxins  (Smith,  1987): 


Where: 


-DBM 


Cdbm 

TEDI 


TEDI  X  fj  ,:i|; 


Conce^i^bn  (^Eoxins  in  breast  milk  (mg/kg). 

TntaT-i|jytimWte-iiDaily  Intake,  the  maximum  daily  intake  of 
dioadns  ^pldie  mother  through  all  potential  exposure  routes 
,.:(mg/kg/fday|f 

Pril^rtion  of  dioxins  stored  in  body  fat  (unitless). 

Proportion  of  breast  milk  that  is  fat  (unitless). 

Proportion  of  body  weight  that  is  fat  (unitless). 

Rate  constant  (days*^). 


The  maYiTrmm  total  estimated  daily  intake  of  the  mother  was  used  to  estimate  breast  milk 
concentrations  for  dioxins  as  well  as  all  other  orgamcs. 
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Values  of  0.8,  0.04,  and  03  were  used  for  fj,  fj,  and  fj,  respectively  (Smith,  1987).  A  rate 
constant  of  3.27E-04  days*^  was  calculated  as  follows.  Assuming  a  half-life  (tiy7)  of  dioxins 
in  the  human  body  of  2,120  days  (ATSDR,  1989a): 

ln2 

k  '  =  _ _ 

tl/2 


The  equation  developed  by  Smith  (1987)  was  applied  to  the  other  organic  pollutants  of 


unreported  species  (phenol)  .of  4.5  hours  (ATSDR,  1988b;  Baselt,  1982).  An  uncertainty 
factor  of  10  was  applied  to  the  hit-life  of  43  hours  to  account  for  the  absence  of  human 
data,  A  half-life  of  266  days  in  humans  was  used  for  dieldrin  (ATSDR,  1989c).  A  half-life 


also  was  assumed  for  all  other  semi-volatile  chlorinated  benzenes  (i.e,,  trichlorobenzene, 

} 

tetrachlorobenzene,  and  pentachlorobenzene).  A  half-life  of  7.5  hours  in  humans  was  used 
for  toluene  (Baselt,  1982),  whereas  a  half-life  of  1.5  hours  in  humans  was  used  for  xylene 
(Baselt,  1982).  For  those  semi-volatile  organics,  for  which  half-Ufe  data  in  humans  or 
mammals  were  not  available,  the  half-life  of  dieldrin  (266  days)  was  used.  The  half-life  of 
dieldrin  is  the  longest  half-life  available  for  the  semi-volatile,  other  than  dioxin.  Since  there 
are  few  organics  that  would  accumulate  in  breast  milk  to  the  extent  of  dioxin,  it  would  be 
overly  conservative  to  apply  the  half-life  for  dioxins  in  humans  to  all  semi-volatile  organics. 
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Thus,  the  next  highest  half-life  (i.e.,  dieldrin)  was  used.  The  half-life  for  1,1-dichloroethene 
of  45  hours  in  humans  was  applied  to  all  volatile  organics  (as  defined  in  Subsection  7.4.2) 
for  which  half-life  data  were  not  available.  This  is  the  longest  half-life  that  is  assumed  for 
the  volatile  organics,  which  are  being  evaluated. 


From  the  available  or  calculated  half-lives,  the  following  rate  constants  (k)  were  calculated: 
acrylonitrile  (2.08E+00  day'^);  benzene  (5.54E+00  day*^);  DDE  (2.89E-03  day*^);  DDT 
(5.77E-03  day’');  1,1-dichloroethene,  phenol,  and  those  volatile  organics  for  which 
insufficient  half-life  data  were  available  (3.70E-01  day’');  dieldrin,  and  those  semi-volatile 
organics  for  which  insufficient  half-life  data  ji^re  available  (2.61E-03  day’'); 
trichlorobenzene,  tetrachlorobenzene,  pentachlorob!p%ne,  and  hexachlorobenzene  (1.15E- 
02  day’');  toluene  (2.22E+00);  and  xylene  (lj|iE+01  The  proportion  of  these 

organics  stored  in  body  fat  (fj)  was  assumed -^i^llieiiiie  same  as  that  of  dioxin  (0.8). 

Tables  8G-1  through  8G-3  present  poUuti^;cSi^S|rations  in  breast  milk  for  the  Resident- 
A,  Resident-B,  and  Farmer  scenaridpHespds^ely. 
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T&bl6  8G-1 


PoUiitanU  Cofficentralloas  in  Breast  Milk^  Resident-A  Scenario 


I 


ORGAHICS 
Acetone 
Acetonitrile 
Acrylonitri le 
Aldrin 
Atratine 
Senz  aldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzonitrile 
Biphenyl 
B  romans  thane 
Carbazole 

Carbon  Tetrachloride 

Chlorobenzene 

4-Chlorobiphenyl 

4,4-Chlorobi^enyl 

Chloroform 

4 - Ch I o ropheny I TO t hy I su I f one 

4  -  Ch  I  or o^eny  I  TOthy  Uu  I  f  OK  i  de 

p,p-DDE 

p,p*D0T 

Dibenzofuran 

Oichlorc^jenzenes  (total) 

1 , 4 -D i ch I orobenzero 

1.1- Dichloro8then© 

1 .2- Dichloroeth©fie 

1 . 2 - D  i  ch  I  orcprqaan® 

Dieldrin 

Di isopropyl  Methyl phosphonate 

1 . 3 - DiTOthy  I  toizen© 
DiTOthyldisulf ide 
Dimethyl  Methylphosphonate 
DiTOthylphosphate 
Dioxins/FuraTO  (EPA  TEFs) 
DithiaTO 

Er^rin 

Ethylbenzene 

Hexach  I  orobenzene 

Hexach  I  orocyc  I  opentisd  i  ene 

Isodrin 

Malathion 

'Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Mi trophenol 


Maxifmjs 

Total 

Daily  Intake 
(mg/kg/day) 


5.04E-17 
5.94E-15 
3.066-16 
4. 286-17 
7.45E-18 
7.14E-13 
6.55E-13 
1.34E-12 
3.40E-13 
3.28E-16 

3.196-13 
6.38E-14 
6.38E-17 
2.03E-16 

1.586-13 
3.82E-13 
5.01E-15 
3.226-17 
1.266-16 
4.666-16 
5.61E-14 
1.14E-17 
6.60E-14 
1.15E-16 
7.25E-18 
1.786-16 
1.24E-16 
1.45E-17 
1.596-17 
1.23E-15 
1.33E-13 
3.24E-15 
3.11E-14 
7.85E-15 
2.02E-14 
1.34E-18 
6.65E-18 
1.92E-13 

2.276-15 
7.066-17 
2.97E-17 

2. 706-17 
1.456-12 

6. 386- 13 

6.386- 14 
2.826-16 


Breast  milk 
Transfer 
Factor 
(day) 


2.896-01 
4.096'>01 
5.136-02 
4.096+01 
4.096+01 
4.09E+01 
1. 926-02 
4.096+01 
4. 096+01 
4.096+01 
4.096+01 

2.896-01 
4.096+01 

2.896-01 

2.896-01 
4.096+01 
4.096+01 

2.896-01 
4.096+01 
4.096+01 
3.696+01 
1.85E+01 
4.096+01 

2.896- 01 

2.896- 01 

2.896- 01 

2.896-01 

2.896-01 
4.096+01 
4.096+01 
4.096+01 
4.096+01 
4.096+01 
4.096+01 
3.266+02 
4,096+01 
4.096+01 

2.896-01 
9. 246+00 
4.096+01 
4.096+01 
4.096+01 
4.096+01 

2.896-01 

2.896-01 
4.096+01 


Maximon 
Breast  mi  lie 
Cone, 
mg/kg 


1.466-17 

2.436-13 

1.576- 17 
1.756-15 
3.056-16 
2.92E-11 
1.26E-14 
5. 496-11 
1.396-11 
1.34E-14 
1.31E-11 
1.84E-14 
2,61E-15 
5.876-17 
4.55E-14 

1.576- 11 
2. 056-13 
9.296-18 
5.146-15 
1,91E-14 
2.076-12 
2.116-16 

2.706-12 
3.31E-17 
2.096-18 
5.156-17 

3,586-17 
4.176-18 
6.52E-16 
5.04E-14 
5.456-12 
1.336-13 

1.276-12 
3.216-13 
6.596-12 
5.476-17 
2.726-16 
5,536-14 
2,096-14 

2.896-15 
1.226-15 
1.116-15 
5. 936-11 

1.846- 13 

1.846- 14 
1.166-14 


Maximum 
Estimated 
Daily  Intake 
mg/kg/day 


1.296-18 

2.16E-14 

1.406- 18 
1,566-16 

2.716- 17 
2.60E-12 
1. 126-15 

4.886- 12 
1.246-12 

1.196- 15 
1.166-12 

1.646- 15 
2.326-16 
5.216-18 
4.046-15 
1.396-12 
1,826-14 
8.266-19 
4.57E-16 

1.706-15 

1.846- 13 

1.886- 17 

2.406- 13 
2.94E-1S 

1.866- 19 

4. 586-18 

3.196- 18 

3.716- 19 
5.806-17 
4. 486-15 

4.846- 13 
1.186-14 
1.136-13 

2.866- 14 
5.B5E-13 

4.866- 18 
2.426-17 
4.916-15 

1.866- 15 

2,576-16 
1.086-16 
9,836-17 

5.276-12 

1. 646- 14 

1.646- 15 
1.036-15 
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Table  8G-1 
(continued) 


PAHS 

Acenaphthalene 

Acenaphthene 

Ben20(«)pyrer» 

Chrysene 

D 1 benio( a , h )anthrscene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Pentach  lorobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 

Tetrach lorobenzene 
T e t rach I oroethene 
Toluene 

T  r i ch I orobenzene 
Tri chi oroethene 
Urea 
Vapona 

Vinyl  Chloride 
Xylene 


Maxi  nun 
Total 

Daily  Intake 
(rns/kg/day) 


3.35E-13 

3.31E-13 

6,60E-U 

6.61E*14 

7.33E-U 

1.98E-13 

6.63E-14 

1.32E-13 

6.58E-14 

3.73E-18 

1.02E-15 

4.06E-12 

3.06E-17 

1.64E-16 

6.40E-13 

1.12E-17 

4.45E-16 

2.54E-15 

3.19E-13 

2.24E-16 

3.91E-16 

7.99E-11 

3.11E-17 

6.38E-13 

1.28E-13 


Breast  milk 
Transfer 
Factor 
(day) 


4.09E+01 
4.09E+01 
4.09E^01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E+01 
4.09E^01 
4.09E+01 
9.24E'»*00 
2.89E-01 
4.09E+01 
4.09E>01 
2.89E-01 
4.09E-»'01 
9.24E+00 
2.89E-01 
4.81E-02 
9.24E-^00 
2.896-01 
4.09E+01 
4. 096^01 
2,89E-01 
9.62E-03 


Maxi  nun 
Breast  milk 
Cone, 
mg/kg 


1.37E-11 

1.36E-11 

2.70E-12 

2.70E-12 

3.00E-12 

8.10E-12 

2.71E-12 

5-396-12 

2.696-12 

1.53E-16 

9.45E-15 

1.17E-12 

1.25E-15 

6.72E-15 

1.85E-13 

4.60E-16 

4.11E-15 

7.33E-16 

1.54E-14 

2.06E-15 

1.13E-16 

3.27E-09 

1.27E-15 

1.84E-13 

1.23E-15 


Maxi  nun 
Estimated 
Daily  Intake 
mg/ks/day 


1.226-12 

1.206-12 

2.40E-13 

2.40E-13 

2.67E-13 

7.20E-13 

2.41E-13 

4.796-13 

2.396-13 

1.36E-17 

8.40E-16 

1.D4E-13 

1.116-16 

5.976-16 

1.64E-14 

4.09E-17 

3.65E-16 

6.52E-17 

1.36E-15 

1.83E-16 

1.006-17 

2.91E-10 

1.13E-16 

1,64E-14 

1.096-16 
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PollEtant  CoEceEtrations  m  Breast  Milk,  Resident-B  Scenario 


I 


GAN  ICS 
Ac@tom 
Acetonitrl le 
Acrylenitrl le 
Aldrin 
Atrasir^s 
Benzaldehyd® 

Benzerje 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Biphenyl 

Bromomethane 

Carbazole 

Carbon  Tetrachloride 
Chlorobenzene 
4-ChlordDij^enyl 
4 , 4  -  Ch  I  o  robi  pheny  I 
Chloroform 

4-Chlorophenylmethylsulfone 
4  -  Ch  loropherry  liiiethy  Isu  I  f  ojt  i  de 

p,p-DDE 

p,p-DDT 

Dibenzofuran 

Di chlorobenzenes  (total) 

1 ,4»Dichlorobem©fte 

1 .1- Dichloroethene 

1 .2- 0ichloroethe«B 

1 . 2 -  D i ch I oroprcpane 
Dieldrin 

Diisopr^jyl  Methyl phosphonate 

1.3- Di«sthylfcwnzen© 

Dimethyldi sulfide 
Oiiiiethyl  Methyl  phosphorate 
Difnethylphosphate 
Dioxins/Furam  (EPA  TEFs) 

D  i  th  i  ane 

Endrin 
Ethylbenzene 
Hexach  lorofeenzer® 

Hexach  I  orocyc  I  ©pent  ad  i  one 

Isodrin 

MsUthion 

Methanol 

Methyl  Chloride 

Methylene  Chloric^ 

4-Ni trophenol 


MaxiRsjn 

Total 

paily  Intake 
(mg/kg/day) 


7.89E-18 

4.54E-15 

4.79E-17 

1.76E-17 

1.24E-18 

1.53E-13 

1.03E-13 

2.52E-13 

6.61E-14 

6.86E-17 

5.00E-14 

1.00E-14 

1.12E-17 

3.18E-17 

2.47E-14 

6.32E-14 

8.21E-16 

5.04E-18 

2,50E-17 

9.nE-17 

9.44E-15 

2.14S-18 

1.11E-14 

1.80E-17 

1.UE-18 

2.79E-17 

1.94E-17 

2.26E-18 

1.42E-17 

2.32E-16 

2.36E-U 

5.08E-16 

8.09E-15 

1.23E-15 

3.27E-15 

3.84E-19 

1.05E-18 

3,00E-14 

3.93E-16 

2,22E-17 

2.02E-17 

4.57E-18 

1.12E-12 

l.OOE-13 

l.OOE-U 

5.14E-17 


treast  «ilk 
Transfer 
Factor 
(day) 


2.89E-01 

4.09E-J-01 

5.13E-02 

4.09E‘S-01 

4.09E+01 

4.09E^01 

1.92E-02 

4.09E+01 

4.09E*^01 

4.09E-»'01 

4,09E+01 

2.89E-01 

4.09E+01 

2.89E-01 

2,89£-01. 

4.09E'»-01 

4.09E+01 

2«89E-01 

4.09E-«-01 

4.09E+01 

3.69E+01 

1.85E-»*01 

4.09E+01 

2,89E-01 

2.89E-01 

2,89E-01 

2.89E-01 

2.89E-01 

4.09E-»*01 

4.09E+01 

4,09£<^01 

4,09E-»-01 

4.09E^01 

4.09E401 

3,26E+02 

4.09E+01 

4.09£«^01 

2.89E-01 

9.24E^<K) 

4.09E+01 

4.09E-4-01 

4.09£-fr01 

4.09E->01 

2.89E-01 

2.89E-01 

4,09E*01 


Maximum 
Breast  milk 
Cwx. 
mg/ kg 


2.28E-1S 
1.86E-13 
2.46E-18 
7.20E-16 
5.09E-17 
6.26E-12 
1.97E-15 
1,03E-11 
2.71E-12 
2.81E-15 
2.05E-12 
2.88E-15 
4.60E-16 
9.18E-18 
7.12E-15 
2.59S-12 
3.36E-14 
1.45E“18 
1.02E-15 
3.73E-15 
3.49E-13 
3.96E-17 

4.568-13 
5.19E-18 
3. 288-19 
8.07E-18 
5.61E-18 
6.54E-19 
5.82E-16 
9.49E-15 
9.65E-13 
2.08E-14 
3.31E-13 
5.04E-14 
1.07E-12 
1.57E-17 
4.30E-17 
8.65E-15 
3.63E-15 
9.08E-16 
8,268-16 
1.87E-16 
4.57E-11 

2.888- 14 

2.888- 15 
2.118-15 


MaxiffM 
Estimated 
Daily  Intake 
ing/kg/day 


2,038-19 

1.65E-14 

2.19E-19 

6,40£-17 

4.538-18 

5.57E-13 

1.75E-16 

9,m-13 

2.41E-13 

2.50E-16 

1.82E-13 

2.56E-16 

4.09E-17 

8,168-19 

6,33E-16 

2-30E-13 

2.99E-15 

1.29E-19 

9.11E-17 

3.328-16 

3.10E-14 

3.528-18 

4.058-14 

4.61E-19 

2.918-20 

7.178-19 

4.99E-19 

5.81E-20 

5.17E-17 

8.438-16 

8.588-14 

1.858-15 

2.948-14 

4.488-15 

9.50S-14 

1. 408-18 

3.828-18 

7.69E-16 

3,23E-16 

8.07E-17 

7.34E-17 

1,668-17 

4.068-12 

2.568- 15 

2.568- 16 
1.87E-16 
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Table  8G-2 

(continued) 


Maxi  nun 

Breast  milk 

Maximun 

Total 

Transfer 

Breast  milk 

Daily  Intake 

Factor 

Cone. 

(mg/kg/day) 

(day) 

mg/kg 

PANS 

Acenaphthalefw 

6.20E-14 

4.09E+01 

2.54E-12 

Acenaphthene 

5.63E-U 

4.09E+01 

2.30E-12 

Benzo(a)pyrene 

1.09E-U 

4.09E^01 

4.45E-13 

Chrysene 

1.10E-U 

4.09E-»-01 

4.50E-13 

D 1 benzo( a , h  >anth  racene 

1.82E-14 

4.09E+01 

7.44E-13 

Fluoranthene 

3.26E-14 

4.09E^01 

1.33E-12 

Fluorene 

1.15E-14 

4.09£'^01 

4.72E-13 

Phenanthrene 

2.14E-14 

4.09E+01 

8.76E-13 

Pyrene 

1,08E-U 

4.09E+01 

4.40E-13 

Parathion 

6.37E-19 

4.09E^01 

2.61E‘17 

Pentach 1 orobenzene 

1.92E-16 

9.24E+00 

1.77E-15 

Phenol 

1.31E-12 

2.89E-01 

3.78E-13 

Pyridine 

4.79E-18 

4.09E+01 

1.96E-16 

Quinoline 

3.54E-17 

4.09E’^01 

1.45E-15 

Styrene 

1.00E-13 

2.89E-01 

2.69E-14 

Supona 

1.95E-18 

4.09E+01 

7.98E-17 

T  et  rach 1 orobenzene 

1.00E-16 

9.24E^00 

9.27E-16 

TetrachltJroethene 

3.98E-16 

2.89E-01 

1.15E-16 

Toluene 

5.00E-14 

4.81E-02 

2.40E-15 

Tri chi orobenzene 

3.69E-17 

9.24E-«>00 

3.41E-16 

Trichloroethene 

6.12E-17 

2.89E-01 

1.77E-17 

Urea 

1.09E-10 

4.09E+01 

4,47E-09 

Vapona 

6.83E-18 

4.09E*^01 

2.79E-16 

Vinyl  Chloride 

1.00E-13 

2.89E-01 

2.88E-14 

Xylene 

2.00E-14 

9.62E-03 

1.92E-16 

Maxi  nun 
Estimated 
Daily  Intake 
mg/kg/day 


2.26E-13 

2.05E-13 

3.96E-U 

4.00E-U 

6.62E-14 

1.18E-13 

4.20E-U 

7.79E-14 

3.91E-14 

2.32E-18 

1.58E-16 

3.36E-14 

1.74E-17 

1.29E-16 

2.57E-15 

7.10E-18 

8.24E-17 

1,02E-17 

2.'>4E-16 

3.03E-17 

1.57E-18 

3.98E-10 

2.48E-17 

2.56E-15 

1.71E-17 
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Table  8G-3 


Pollnitanit  CoBcentrations  in  Breast  Milk,  Farmer  Scenario 


} 


C^GANICS 

Acetcn® 

Acetcni  tn*  le 
Acrylooitri le 
Aldrin 
Atrazin® 

Benzaldehyde 
Benzene 
Benzofuren 
Benzoic  Acid 
Benzonitri  le 
Biphenyl 
BroTWJTffithane 
Carbezole 

Carbon  Tetrachloride 
Chlorobenzene 
4-Chlprobiphenyl 
4 , 4- Ch  I  orobi  p^ersy  I 
Chlorofonn 

4-ChlorophefiyiTOthyl8ulforie 
4  -  Ch  I  oropheny  1 05®  t  hy  1 8u  I  f  OK  i  de 

p,p-0DE 

p,p-DDT 

Dibenzofuron 

Di chlorobenzenes  (total) 

1 , 4-D  i  ch  I  orobenzene 

1 . 1 - D  i  ch  I  oroethene 

1 .2- Dichloroethene 

1 .2- Dichloroproparte 
Dieldrin 

Di isopropyl  Methyl f^osph on® te 

1.3- Dimethylbenzene 
DiiTOthyldi sulfide 
Oiiwsthyl  Methylphosj^onate 
Oiraethylphosphate 
Dioxins/Furans  TEFs) 

Di thiane 

Endrin 

Ethylbenzene 

Hexach  lord^enzene 

Hexach  I  orocyc  I  opentadi  ene 

Isodrin 

Malathicn 

Methanol 

Methyl  Chloride 

Methylene  Chloride 

4-Nitrophenol 


Maxinui 

Breast  milk 

HaxiMn 

Maxiimifi 

*  Total 

Transfer 

Breast  milk 

Estimted 

Daily  Intake 

Factor 

Cone.  Daily  Intake 

(mg/kg/day) 

(day) 

ng/kg 

mg/kg/day 

1.77E-17 

2.896-01 

5.11E-18 

4.54E-19 

T.40E-U 

4.09E+01 

5.72E-13 

5.08E-14 

1.07E-16 

5.13E-02 

5.51E-18 

4.90E-19 

1.18E-16 

4.09E+01 

4.85E-15 

4.31E-16 

2.97E-18 

4.09e*01 

1.21E-16 

1.086-17 

3.27E-13 

4.09E+01 

1.34E-11 

1.196-12 

2.30E-13 

1,92E-02 

4.42E-15 

3.93E-16 

6.45E-13 

4.09E+01 

2.64E-11 

2.35E-12 

1.48E-13 

4.09E+01 

6.04E-12 

5.37E-13 

1.48E-16 

4.09Ef01 

6.07E-15 

5.39E-16 

1.12E-13 

4.09E^01 

4.59E-12 

4.086-13 

2.24E-14 

2.89E-01 

6.46E-15 

5.75E-16 

2.81E-17 

4.09E+01 

1.15E-15 

1.02E-16 

7.13E-17 

2.89E-01 

2.06E-17 

1.836-18 

5.53E-14 

2.89E-01 

1.60E-14 

1.42E-15 

1.54E*13 

4.09E+01 

6.32E-12 

5.62E-13 

2.08E-15 

4,09E*01 

e.50E-14 

7.55E-15 

1.13E-17 

2.89E-01 

3.26S-18 

2.90E-19 

5.30E-17 

4.09E+01 

2.17E-15 

1.93E-16 

1.99E-16 

4. 096+01 

8.16E-15 

7.25E-16 

2.24E-14 

3.696+01 

8.27E-13 

7.35E-14 

6.&0E-18 

1.856+01 

1.26E-16 

1.12E-17 

2.74E-14 

4.096+01 

1.12E-12 

9.966-14 

4.03E-17 

2.896-01 

1.16E-17 

1.03E-ie 

2.55E-18 

2.896-01 

7.35E-19 

6.53E-20 

6.26E-17 

2.896-01 

1.81E-17 

1.616-18 

4.36E-17 

2.896-01 

1.266-17 

1.12E-18 

5.07E-18 

2.896-01 

1.46E-18 

1.306-19 

7.04E-17 

4.096+01 

2.88E-15 

2.566-16 

5.14E-16 

4.096+01 

2.10E-14 

1.876-15 

5.92E*14 

4.096+01 

2.42E-12 

2.166-13 

1.UE-15 

4.096+01 

4.66E-14 

4.14E-15 

1.54E-14 

4.096+01 

6.296-13 

5.596-14 

2.79E-15 

4.096+01 

1. 146-13 

1.02E-14 

9.01E-15 

3. 266+02 

2.946-12 

2.61E-13 

7.47E-19 

4.09E+01 

3.06E-17 

2.72E-18 

2.39e-18 

4.09E+01 

9.80E-17 

8.716-18 

6.72E*14 

2.89E-01 

1.946-14 

1.72E-15 

1.03E-15 

9.24E+00 

9.516-15 

8. 456-16 

8.70E*17 

4.09E+01 

3.566-15 

3.176-16 

9.79E-17 

4.09E+01 

4.01E-15 

3.566-16 

1.05E-17 

4.09E+01 

4.316-16 

3.836-17 

1.75E-12 

4.09E+01 

7.176-11 

6.37E-12 

2.24E-13 

2.89E-01 

6.466-14 

5.75E-15 

2.24E-U 

2.89E-01 

6.466-15 

5.75E-16 

1.30E-16 

4.09E+01 

5.34E-15 

4.75E-16 
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Table  8G-3 
(continued) 


Maxirmja 

Breast  nilk 

Maxi  nun 

Maxiflun 

Total 

Transfer 

Breast  milk 

Estimated 

Daily  Intake 

Factor 

Cone. 

Daily  Intake 

(mg/kg/day) 

(day) 

iig/kg 

mg/kfl/day 

PAHS 

Acenaphthttlene 

1.69E-13 

4.09E+01 

6.91E-12 

6.14E-13 

Acena^thertt 

1.39E-13 

4-09E^01 

5.69E-12 

5.06E-13 

Benzo( a) pyrene 

3.54E-14 

4.09E+01 

1.45E-12 

1.29E-13 

Chrysene 

2.79E-14 

4.09E+01 

1.14E-12 

1.02E-13 

D 1 benzo( a , h )anth  racene 

4.51E-14 

4.09E+01 

1.85E-12 

1.64E-13 

Fluoranthene 

8.07E-U 

4.09E+01 

3.30E-12 

2.94E-13 

Fluorene 

2.95E-14 

4.09E+01 

1,21E-12 

1.07E-13 

Phenanthrene 

5.10E-14 

4.09E+01 

2.09E-12 

1-86E-13 

Pyrene 

2.61E-14 

4.09E*^01 

1.07E-12 

9,51E-14 

Parathion 

1.58E-18 

4.09E^01 

6.45E-17 

5.74E-18 

Pentach 1 orobenzene 

5.42E-16 

9.24E+00 

5.00E-15 

4.45E-16 

Phenol 

4.32E-12 

2.89E-01 

1.25E-12 

1.11E-13 

Pyridine 

1.07E-17 

4.09E+01 

4.40E-16 

3.91E-17 

Quinoline 

9.48E-17 

4.09E+01 

3.88E-15 

3-45E-16 

Styrene 

2.24E-13 

2.89E-01 

6.48E-14 

5.76E-15 

Supona 

4.74E-18 

4.09E+01 

1.94E-16 

1.73E-17 

Tet rach 1 or ©benzene 

3.25E-16 

9.24E^00 

3.00E-15 

2.67E-16 

Tet rach 1 oroethene 

8.91E-16 

2.89E-01 

2.57E-16 

2.29E-17 

Toluene 

1.12E-13 

4.81E*02 

5.39E-15 

4.79E-16 

T  r i ch 1 orobenzene 

8.78E-17 

9.24E^00 

8.11E-16 

7.20E-17 

Trichl oroethene 

1.37E-16 

2.89E-01 

3.96E-17 

3,52E-1B 

Urea 

1.53E-10 

4.09E+01 

6.28E-09 

5.58E-10 

Vapona 

1.45E-17 

4.09E+01 

5.92E-16 

5.27E-17 

Vinyl  Chloride 

2.24E-13 

2.89E-01 

6.46E-14 

5.75E-15 

Xylene 

4.48E-14 

9.62E-03 

4,31E-16 

3.a3E-17 
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APPENDIX  8H 

CARCINOGENIC  RISK  FOR  INDIVIDUALS  X^ER  ALL  SCENARIOS 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Adult,  Resident-B  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Child,  Resident-A  Scenario 


«  -I  U  W 
K 

O  X  « 

u  □  « 


X  K-  U  ^ 
U)  (/>  X  (A 

M  UJ  < 

U  U  X 


V)  S 

o  u 

Nk  CA  X  (A 
^  UJ 

M  u  u  « 

o  z 

CA  •- 


U.  U 
UJ  <A  X  CA 


n  o  u  X 


-J  <A  X  (A 


<  »*  U  W 
CA  X  (A 
iU  UJ  <  •- 

u  u  u  « 


E 

^  (J  ^ 

<  X  (A 


•T’T'^'T'yTWTT  TTV  TTWTT 

Kt»i  uj  uj  lij  m  uj  ui  ui 

.KS'SSe^KS 


•  I  I  « 

lu  tjj  UJ  ui  I 

®  o  <  o  : 
rg 

-?nw 


^1' 


C  UJ  * 

'K  = 


rg  M 

rvj  oj 


fs.  w- 

in 


o  CNJ  O  CM 

»-  ni  •-  rv 

II  I  < 

:  UJ  4C  UJ  X  <  ^  UJ « 

:  X  o  z  X  K  m  : 

®  nj  *-10 

^  nj 


:uj<uj<<uiuj« 
r  ^  z  •-  X  z  fo  2J : 
®  «o  ©>  o 

rn  Mr  njnj 


o  ©>  nj 

^  rg  CM 

:  UJ  <  ui  <  <  ui  UJ  < 

'S*S*  SS‘ 


:  UJ  <  UJ  <c  <  UJ  UJ  4 

c  ®  z  ®  z  z  ^  : 

•-CM  ^CM 

CM  4^  »- 


•-«.«•  O 
CM  •-  CM 

C  Ul  UJ  Ul  4 

E  7  o  po  : 

CMCM  Kl 


O  K>  ® 
CM  •-  •- 


O  PO  ©« 
CM  •-  ^ 

I  I  I 

'  UJ  Ut  UJ  * 
:  in  ^  ^  3 


®  •-  CM 


_  _J  UJ  UJ  W  4 

r  CM  pn  z  : 

» ©4  pn  po 

CM  in«-  CM 


UJUJUJUJUJXMCXI 
CM>»“»-Z^ZZZ' 
in  o  CM  c 

in  4C  ®  • 


Ul  UJ  UJ  UJ  UJ  4 
Q  ®  in  z  CM  : 
®  ®  PO  o 

pn«o  CM 


iKI 


«-•-•-  CM  CM 

III  I 

J  UJ  UJ  UJ  X  «C  4K  UJ  4 

“^8***$= 


m' 


J  Ul  W  UJ  W  4 


;  CM  2 
CM 

40 


«^.400©^040<^»-®0®^4040N. 

•-^•-CM^CM^v-CM^CM^v-*-^*- 

UJUJUJUJUJUJUJUJUJUIUJUJUJUJUIU 

rw®PO^CM*-rM«5cM;^f^4^CM^og 

mP^^^in4#O4*^4oo^»--%r«^4r-^poi0 

cM^^40pn««in*^in40pnpnr^*-*-CM 


P4»  N.  ©»©>©>  in 

III  I  I  I  I  I  I 

UJUJUJUJUJUJUJUIUJUJ 
inu^inzopop&^pn 
CMCMCM  <►•-^^Pn400 

in  CM  CM  m 


I 


o 


±  s 

t  «i  <5  E 

^  w  >-  o 


It 


-88 

L.  1. 

o  o 


Si  «  -6 

^  t  JJ  u 

g  pis 

c  5  I-  - 
3  O  w 


I 

I 

II 


h 

ti 


CA  >>  C. 

U  u  *0 
»  o 


s 

s 


£5i 

£  o  c 

ffi  (J  o 


OOO  —  U  c _ 

^OOOOOT>>^  o 
o*  <  •  •  I— 'Koxxwn 

— '  O.  O.^  ^CMCMOK*'4rfX 
•  •  •— 

u  Q.  •-•-oozxxfi. 


_  o  5 

I-  —  —  Q.  C 

«  D  tJ  u  «  ^ 

X  O  CA  ^  P-  >  > 


^  g 

®  m 


PO  4# 

I  I 

OCM 


UJ  UJ  4C  «C  UJ  X 
<r-  CM  Z  Z  Z  Z 
CMPO 


UJ  UJ  4 
•-  pn  3 
o  in 


Ul  Ul  4 

po  m  : 

€h  40 


W  UJ  I 

£8' 


Ul  UJ  4 

in  in  : 


ww  U.L.XO  wtlNCO  06  E 

■5t5^£“l  Stpii-Sfe^S  „o- 
SS-fe5-5SL>:  £i£io£S!:£S-  Sc  = 

II— 'KOXXCftXCJOOCl-l-OO^  "-®> 


“-15 


»e 

m 


g---  -  g 

I  I  I  I  I  I 

UJ  Ul  UJ  UJ  UJ  UJ  lU 

2S38*S  5 


—  £  ■>.£  ^  *5 

X  w  c-  IS  L.  e  u 
<  u  «J  flS  JC  Al¬ 
es  <  A  U  U  ^  Z 

g 


Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Child,  Residenl-B  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Infant,  Resident-A  Scenario 
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DERIVATION  OF  SELECTED  ORAL  REFERENCE  DOSES  (RfDs)) 


APPENDIX  9A 


DERIVATION  OF  SELECTED  ORAL  REFERENCE  DOSES  (RfDs) 


In  many  instances  it  was  necessary  to  derive  an  oral  RfD  from  existing  toxicity  data. 
Chronic  oral  toxicity  data  were  used,  when  available.  In  the  absence  of  chronic  data 
subchronic  or  acute  oral  toxicity  data  were  used. 


9A.1  Derivation  from  No-Observable-Adverse-EfTect  Levels  (NOAELs) 


In  two  cases  (benzene  and  vinyl  chloride)  oral  RfDs  were  calculated  from  NOAELS 
according  to  EPA  guidelines  (EPA,  1989).  The  fa|||?enzene  was  based  on  a  NOAEL 
of  1  mg/kg/day  from  a  26-week  study  in  rats.j®e  toxic  ellpoints  manifested  in  the  rats 
were  leucopenia  and  erythrocytopenia  (Wolf^Het  -Sd.,  1956).  To  extrapolate  the  oral  RfD 
from  the  NOAE^  uncertainty  factors  (]ipi5|:::Were  included.  The  total  UF  of  1,000  was 
calculated  by  multiplying  by  10  for  each  oFlI^jpHiiii^g  categories:  subchronic  to  chronic 
exposure,  animal  to  humans,  and  Mtnll  yariition.  The  chronic  RfD  was  then  calculated 
by  dividing  the  NOAEL  by  the  ' 

The  RfD  for  vinyl  chloride  was  basedpn  a  three-generational  study  in  rats  (ATSDR,  1989a). 
In  this  case,  a  reported  NOAELc||i.l3  mg/kg/day  was  established  from  a  lifetime  dietary 
study  in  rats,  in  which  decreased  survival  and  hepatotoxicity  were  the  most  sensitive  toxic 
endpoints  (Til  et.  al.,  1983).  An  uncertainty  factor  of  100  was  applied,  10  for  extrapolating 
from  animals  to  humans,  and  10  for  human  variation. 


9A2  Derivation  from  Oral  Lethality  Data 

In  the  absence  of  chronic  and  subchronic  toxicity  data,  an  oral  LDjo  was  used  to  derive  the 
chronic  oral  RfD.  An  LD50  is  the  dose  that  is  lethal  to  50  percent  of  the  test  animals.  This 
process  was  used  for  many  chemicals  in  the  report  (see  Table  9A-1).  The  chronic  oral  RfD 
was  calculated  by  dividing  the  LDjq  by  an  uncertainty  factor  (UF)  of  100,000  in  accordance 
with  the  approach  developed  by  Layton  et.  al.,  (1987). 
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4-ChlorobiphenyI 


1,3-Dimethylbenzene 


mouse 


mouse 


cat,  mouse 
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APPENDIX  9B 


DERIVATION  OF  SELECTED  INHALATION  REFERENCE  DOSES  (RfDs) 


An  inhalation  RfD  was  derived  for  only  one  chemical,  lithium,  based  on  toxicity  data. 
Lithium  hydride  was  the  only  form  of  lithium  for  which  mhalation  toxicity  data  were 
available.  T  ithinm  hydride  is  intensely  irritating  and  corrosive  to  the  skin  and  mucous 
membranes;  its  TLV-TWA  of  0.025  mg/w?  (ACGIH,  1986)  is  based  on  its  irritant 
properties.  However,  concentrations  of  lithium  hydride  ranging  from  0.025  to  0.10  mg/m^, 
associated  with  a  tickling  sensation  in  the  nose  and  a  mild  nasal  discharge,  have  been 
reported  to  be  tolerated  by  workers  continuously  exp|$ed  (Clayton  and  Clayton,  1981). 


Lithium  would  not  be  expected  to  be  present  aSidib  hydride  stack  emissions  and  there  has 
been  no  evidence  of  industrial  health  hazards  ftln^^^sociated  with  the  inhalation  of  other 
forms  of  lithium  (Clayton  and  Clayton,  :49:81^fc,;..Tiik|itfore,  the  use  of  the  TLV-TWA  for 
lithium  hydride  in  deriving  an  inhalation  !l%5ipf''Whium  would  be  expected  to  be  overly 
conservative.  However,  in  the  at^hci^iDf  iil^ation  data  for  other  forms  of  lithium,  the 
upper  limit  of  the  tolerated  rang®l|i!rif^iiSiiS:hydride  (i.e.,  0.10  mg/m^)  was  assumed  to  be 
an  acceptable  exposure  leveitioiiilariiii^for  all  other  forms  of  lithium.  Substituting  this 
value  as  the  'TLV-TWA^ilhii  lhe  e||aation  presented  in  Subsection  9.42,  Table  9-5,  an 
inhalation  RfD  for  lithium  of  mg/kg/day  was  derived  which  would  be  appropriate 

for  the  general  public. 
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